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PEE  FACE. 


Our  original  intention  was  to  write  a small  text-book  on 
Organic  Chemistry,  based  on  the  syllabus  drawn  up  by  the 
Science  and  Art  Department,  in  the  hope  that  it  would  be 
useful  to  students  attending  the  elementary  or  advanced 
classes  in  the  subject,  and  not  without  value  to  teachers 
as  a handy  book  of  reference.  As,  however,  it  soon  became 
apparent  that,  by  making  comparatively  few  additions,  the 
subject-matter  might  be  made  to  include  the  facts  usually 
dealt  with  in  a course  of  about  sixty  lectures,  the  scope 
of  the  work  was  enlarged  to  this  extent,  so  as  at  the 
same  time  to  make  it  more  useful  to  general  students  as 
an  introduction  to  Organic  Chemistry. 

Part  I.,  which  deals  with  the  fatty  compounds,  contains,  in 
the  first  place,  a general  account  of  the  methods  most  fre- 
quently employed  in  the  separation,  purification,  and  analysis 
of  organic  compounds,  and  in  the  determination  of  molecular 
weight.  'l'he  preparation  and  properties  of  typical  com- 
pounds are  then  described,  attention  being  directed  to  those 
changes  which  come  under  the  heading  of  general  reactions 
rather  than  to  isolated  facts  regarding  particular  substances. 
Questions  of  constitution  arc  also  discussed  at  some  length. 
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and  in  the  case  of  most  of  the  typical  compounds,  the  facts 
on  which  the  given  constitutional  formula  is  based  are  specific- 
ally mentioned.  This  course  was  adopted,  not  only  in  order 
to  avoid  the  introduction  of  a long  chapter  on  structure  at  an 
earlier  stage,  but  also  because,  in  our  opinion,  a constant 
use  of  constitutional  formulas,  accompanied  by  a clear  con- 
ception of  their  meaning,  is  one  of  the  greatest  helps,  even  to 
a beginner,  in  committing  the  facts  to  memory. 

The  opening  chapters  of  Part  II.  contain  an  account  of  coal- 
tar  and  its  treatment.  This  leads  naturally  to  a description  of 
the  preparation  and  properties  of  benzene,  and  to  a discussion 
of  its  constitution  in  the  light  of  facts  previously  dealt  with ; 
the  student  is  thus  made  acquainted  with  the  principal 
characteristics  of  aromatic,  as  distinct  from  fatty,  compounds, 
and  is  then  in  a position  to  understand  the  classification  of 
organic  substances  into  these  two  main  divisions. 

The  more  important  classes  of  aromatic  compounds  are  then 
described,  but  in  a somewhat  different  manner  from  that 
adopted  in  Part  I.,  inasmuch  as  a general  account  of  the 
properties  of  each  class  of  substances  is  given  before,  instead 
of  after,  tire  more  detailed  description  of  typical  compounds  ; 
this  course  is  to  a great  extent  free  from  the  disadvantages 
which  are  found  to  attend  its  adoption  at  earlier  stages,  as  the 
student  has  by  this  time  acquired  some  experience  of  the  more 
systematic  method  from  a study  of  the  summaries  given  in 
Part  1. 

Special  attention  has  been  given,  as  before,  to  questions  of 
constitution,  one  of  the  objects  being  to  train  the  student  to 
think  out  such  matters,  and  to  try  and  deduce  a constitutional 
formula  for  a given  substance,  by  comparing  its  properties  with 
those  of  others  of  known  constitution  ; with  this  end  in  view, 
it  has  often  been  thought  desirable  to  withhold  the  most 
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important  evidence  in  favour  of  the  accepted  constitutional 
formula  until  the  subject  had  been  discussed  at  some  length. 

The  concluding  chapters  on  dyes,  alkaloids,  and  stereo- 
isomerism will  doubtless  offer  the  greatest  difficulties,  but, 
considering  the  importance  of  the  matters  with  which  they 
deal,  their  omission  or  curtailment  was  deemed  inadvisable. 
The  account  of  the  alkaloids  should  be  useful,  more  particu- 
larly to  medical  students,  whilst  the  chapter  on  dyes  deals 
with  a variety  of  substances  of  even  greater  practical  value, 
and  indicates  the  methods  employed  in  one  of  the  most  im- 
portant applications  of  organic  chemistry.  The  chapter  on 
stereo-isomerism  was  included  because,  owing  to  the  import- 
ance to  which  this  theory  has  now  attained,  a text-book  on 
organic  chemistry  would  be  incomplete  without  a brief  dis- 
cussion of  the  subject.  The  full  directions  which  are  given 
for  the  use  of  models  will,  it  is  hoped,  lead  to  a clear  con- 
ception of  the  views  set  forth. 

A considerable  proportion  of  the  text,  dealing  as  a rule 
either  with  matters  of  less  importance  or  of  a more  advanced 
nature,  is  printed  in  small  type,  and  should  be  left  out  of 
consideration  until  the  rest  of  the  subject-matter  has  been 
mastered,  or,  at  any  rate,  studied.  The  consideration  of  the 
‘ summary  and  extension  ’ at  the  conclusion  of  some  of  the 
more  important  chapters,  should  also  be  postponed  until  the 
student  has  acquired  some  knowledge  of  the  subject,  as  the 
method  here  adopted  is  not  well  suited  to  the  requirements 
of  a beginner. 

One  of  the  principal  objects  throughout  has  been  to  treat 
the  subject  from  a practical  point  of  view  (as  far  as  this  could 
be  dc  me  in  a text-book  on  theoretical  chemistry),  because,  un- 
less a thorough  course  of  practical  work  accompanies  the 
theoretical,  no  really  satisfactory  progress  can  be  made.  The 
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student  should  himself  perform  many  of  the  simple  exercises 
involved  in  the  purification  and  analysis  of  organic  com- 
pounds, and  should  prepare  typical  substances  in  order  to 
become  practically  acquainted  with  their  properties.  Such 
general  operations  as  oxidation,  reduction,  hydrolysis,  nitra- 
tion, sulphonation,  &c.,  and  the  more  important  general 
reactions  for  the  identification  of  the  several  classes  of  com- 
pounds, should  also  be  included  in  the  practical  course. 

In  many  respects  we  have  made  free  use  of  the  excellent 
text-books  of  V.  Meyer  and  Jacobson  and  von  Richter,  of 
Beilstein’s  Handbuch,  and  of  Ost’s  Lehrbuch  cler  technischen 
Chemie.  We  are  also  much  indebted  to  Dr  A.  Harden  for 
help  in  revising  the  proof-sheets,  and  in  preparing  the  index. 
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PART  I. 

CHAPTER  I. 

COMPOSITION,  PURIFICATION,  AND  ANALYSIS  OF  ORGANIC 
COMPOUNDS. 

Origin  and  Present  Meaning  of  the  Term  ‘ Organic.’ — 

Although  spirits  of  wine,  sugar,  fats,  and  other  substances 
obtained  directly  or  indirectly  from  animals  or  plants  have 
always  claimed  a large  share  of  attention  from  chemists,  their 
investigation  met  with  only  slight  success  until  towards  the 
close  of  the  last  century,  when  the  composition  of  many  of 
these  natural  products  was  established  by  the  French  chemist 
Lavoisier  (1743-94).  Lavoisier  it  was  who  first  showed 
that  vegetable  substances  are  generally  composed  of  carbon, 
hydrogen,  and  oxygen,  whilst  animal  substances,  although 
consisting  for  the  most  part  of  the  same  three  elements, 
frequently  contain  nitrogen,  and  sometimes  phosphorus  and 
sulphur. 

The  peculiar  composition  of  these  natural  products,  and  the 
fact  that  they  behaved  differently  from  mineral  compounds, 
led  to  the  belief  that  all  animal  and  vegetable  substances 
were  produced  under  the  influence  of  some  peculiar  vital 
force,  and  that  their  formation  was  regulated  by  laws  quite 
different  from  those  which  governed  the  formation  of  mineral 
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substances;  consequently,  it  was  thought  impossible  to  prepare 
any  animal  or  vegetable  product  artificially  or  synthetically  in 
the  laboratory. 

For  these  reasons  compounds  obtained  from  animals  and 
plants — that  is  to  say,  directly  or  indirectly  from  living 
on/anisms — were  called  organic,  and  were  classed  separately 
from  inorganic  or  mineral  substances. 

This  distinction  between  organic  and  inorganic  compounds 
appears  to  have  been  generally  accepted  until  1828,  when 
Wohler  succeeded  in  obtaining  urea,  an  excretion  of  certain 
animal  organisms,  from  ammonium  cyanate,  a substance 
which  was  at  the  time  considered  to  be  inorganic  or  mineral, 
because  it  could  be  produced  in  the  laboratory  ; this  synthesis 
showed  conclusively  that  the  influence  of  a living  organism 
was  not  necessary  for  the  production  of  the  ‘ organic  ’ 
substance  urea. 

After  this  important  discovery  it  was  soon  found  that 
many  other  so-called  ‘organic’  substances  could  be  prepared 
in  the  laboratory  from  ‘ inorganic  ’ materials  without  the  help 
of  a vital  force,  and  ultimately  it  came  to  be  generally 
acknowledged  that  the  formation  of  ‘organic’  and  ‘inorganic’ 
substances  is  governed  by  precisely  the  same  laws. 

The  supposed  difference  between  the  two  classes  of  com- 
pounds having  been  shown  to  be  purely  an  imaginary  one, 
the  terms  ‘ organic  ’ and  ‘ inorganic  ’ lost  their  original 
meaning ; they  are,  nevertheless,  still  made  use  of  in  the 
classification  of  chemical  compounds.  The  atoms  of  carbon 
are  distinguished  from  those  of  all  other  elements  by  their 
extraordinary  capability  of  combining  with  one  another  and 
with  hydrogen  to  form  compounds,  such  as  CII4,  C6H6,  C10HS, 
t&c.,  the  molecules  of  which  are  often  composed  of  a very 
large  number  of  atoms;  the  atoms  of  other  elements,  however, 
rarely  combine  with  hydrogen  to  form  more  than  one  or  two 
compounds,  and  have  only  to  a very  limited  extent  the  power 
of  combining  with  one  another.  In  consequence  of  the  pro- 
perties just  mentioned,  carbon  forms  a larger  number  of 
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compounds  than  any  other  clement,  and,  speaking  generally, 
these  compounds  are  related  to  one  another,  but  widely 
different  to  those  of  other  elements. 

For  these  reasons  it  is  convenient  to  consider  the  carbon 
compounds  separately,  and  to  distinguish  them  by  the  term 
organic,  which  recalls  the  fact  that  carbon  is  a most 
important  constituent  of  all  animal  and  vegetable  substances ; 
organic  chemistry,  therefore,  is  the  chemistry  of  the  carbon 
compounds. 

Some  of  the  simpler  compounds  of  carbon,  such  as  carbon 
dioxide,  carbon  monoxide,  carbon  bisulphide,  &c.,  which  are  of 
general  importance,  are  always  described  in  works  on  inorganic 
chemistry  for  the  sake  of  convenience  ; they  are,  nevertheless, 
organic  compounds,  because  they  contain  carbon. 

Composition  of  Organic  Compounds. — In  spite  of  their 
great  number,  organic  compounds  are  almost  always  com- 
paratively simple  in  composition,  being  made  up,  as  a rule,  of 
not  more  than  four  or  five  elements. 

Organic  substances,  such  as  sugar,  starch,  and  tartaric  acid, 
which  occur  in  the  vegetable  kingdom,  almost  invariably 
consist  of  carbon,  hydrogen,  and  oxygen,  although  a few — 
morphine  and  strychnine,  for  example — contain  nitrogen  as 
well.  Those  occurring  in  the  animal  kingdom  generally 
contain  nitrogen  as  well  as  carbon,  hydrogen,  and  oxygen  : 
urea  and  uric  acid,  for  instance,  are  composed  of  these  four 
elements ; a few  animal  substances  also  contain  sulphur  and 
phosphorus. 

Artificially  prepared  organic  compounds  may  contain  any 
element.  Some — benzene,  for  example — are  composed  of 

carbon  and  hydrogen  only,  but  the  majority  contain  oxygen 
as  well ; nitrogen  and  the  halogens  are  very  often  present  in 
carbon  compounds  produced  in  the  laboratory  ; so  also  are  the 
metals  calcium,  sodium,  silver,  &c.,  which  form  salts  Avitli 
organic,  just  as  they  do  with  inorganic  acids. 

General  Principles  of  Organic  Analysis. — The  cpialitativo 
analysis  of  organic  compounds  is  carried  out  by  methods  quite 
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different  from  those  employed  in  the  case  of  inorganic  sub- 
stances. Most  organic  compounds  are  insoluble  in  water  and 
in  acids,  and  could  not  be  examined  by  the  ordinary  wet 
methods  of  analysis  : even  those  which  are  soluble  do  not 
show,  except  in  rare  cases,  a sufficiently  characteristic  behav- 
iour to  enable  them  to  be  identified  by  their  reactions.  There 
is,  again,  this  wide  difference  between  inorganic  and  organic 
analysis,  that,  whereas  a mixture  of  inorganic  compounds  may 
be  directly  submitted  first  to  qualitative  and  then  to  quanti- 
tative examination,  in  the  case  of  a mixture  of  carbon  com- 
pounds it  is  usually  necessary  to  separate  and  purify  each 
constituent  before  its  composition  can  be  determined. 

* For  these  reasons  organic  analysis  usually  consists  of  several 
processes  : Firstly,  the  substance  is  submitted  to  a preliminary 
qualitative  examination,  the  object  of  which  is  to  find  out 
how  many  distinct  compounds  are  present,  and  to  separate  and 
purify  each  of  them.  The  nature  of  each  constituent  is  then 
determined  ; this  may  sometimes  be  done  by  proving  it  to  be 
identical  with  some  known  compound  by  methods  to  be  described 
later.  If  this  be  impossible,  a further  qualitative  examination  is 
made  to  ascertain  what  elements  the  substance  contains ; the 
pure  compound  is  then  submitted  to  quantitative  or  elementary 
analysis,  from  the  results  of  which  its  percentage  composition  is 
obtained. 

Separation  and  Purification  of  Organic  Compounds. — The 

separation  of  a pure  organic  compound  from  a mixture  of  any 
kind  is  often  a matter  of  considerable  difficulty,  and  it  is 
usually  necessary  to  employ  different  processes  for  different 
mixtures.  Although,  therefore,  it  is  impossible  to  give  a 
method  which  would  be  applicable  in  every  case,  the  more 
important  steps  in  the  general  examination  and  purification 
of  organic  substances  may  be  briefly  indicated. 

In  the  case  of  any  substance  of  unknown  composition,  a 
small  portion  is  ignited  on  platinum  foil,  in  order  to  ascertain 

* Generally  speaking,  portions  of  the  text  which  are  printed  in  smaller 
type  are  intended  only  for  those  who  have  already  acquired  an  elementary 
knowledge  of  organic  chemistry. 
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whether  it  contains  inorganic  matter;  if  it  leaves  a non- 
combustible residue,  it  is  probably  a salt  of  some  organic 
acid,  or  it  contains  inorganic  compounds  as  impurity. 

The  separation  of  an  organic  from  an  inorganic  substance 
can  usually  be  accomplished  by  shaking  or  boiling  the 
substance  with  some  solvent,  such  as  alcohol,  ether,  benzene, 
chloroform,  petroleum,  &c.  Most  organic  compounds  are 
soluble  in  one  or  other  of  these  liquids,  whereas  the  majority 
of  inorganic  compounds  are  insoluble,  or  nearly  so.  Water  or 
dilute  acids  may  often  be  employed  for  the  same  purpose, 
since  many  inorganic  substances  are  soluble,  many  organic 
substances  insoluble,  in  these  liquids. 

The  separation  of  two  or  more  organic  substances  may 
sometimes  be  effected  in  a similar  manner.  In  the  case  of  a 
mixture  of  cane-sugar,  tartaric  acid,  and  benzoic  acid,  for 
example,  the  last-named  compound  only  can  be  dissolved  out 
with  ether,  the  tartaric  acid  being 
then  separated  from  the  sugar  by 
treating  with  alcohol,  in  which  it 
is  much  more  readily  soluble  than 
sugar. 

Solid  or  liquid  organic  substances 
in  aqueous  solution,  or  suspended 
in  water  in  a fine  state  of  division, 
may  often  be  isolated  by  agitating 
the  solution  or  mixture  with  some 
solvent,  such  as  ether,  benzene, 
chloroform,  &c.,  which  does  not 
mix  with  water.  For  this  purpose 
a separating  funnel  (fig.  1)  is 
employed,  and  after  being  shaken 
vigorously,  the  mixture  is  allowed 
to  stand  until  it  forms  two  layers  ; 
the  two  solutions  are  now  separ- 
ated by  turning  the  stopcock  (a,  a')  and  running  off  that 
which  is  underneath,  the  extraction  being  repeated,  if  neces- 
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sary,  with,  a fresh  quantity  of  the  organic  solvent.  The  com- 
bined extracts  are  then  dried  (p.  17),  and  the  solvent  distilled 
or  slowly  evaporated. 

The  process  of  crystallisation  is  one  of  the  simplest  and 
best  methods  of  separating  and  purifying  organic  substances, 
but  before  it  can  be  successfully  employed,  a suitable  solvent 
must  be  found.  About  a centigram  of  the  substance  is  boiled 
for  a short  time  in  a test  tube  with  1-2  c.c.  of  some  solvent 
(such  as  water,  ether,  alcohol,  carbon  bisulphide,  benzene, 
light  petroleum,  &c.),  and,  if  necessary,  the  hot  liquid  is 
filtered  from  any  insoluble  matter ; if,  on  cooling,  the 
substance  be  deposited  in  crystals,  the  rest  of  the  material 
is  treated  in  the  same  way,  the  insoluble  portion,  if  any, 
being  examined  separately.  Should  no  separation  of  crystals 
take  place  on  cooling,  the  solution  is  concentrated  by  evapor- 
ation, and  then  allowed  to  cool ; if,  again,  crystals  be  not 
deposited,  some  other  solvent  is  tried.  The  crystals  ulti- 
mately obtained  are  collected  on  a filter,  washed  with  a small 
quantity  of  the  solvent,  and  further  purified  by  recrystallisa- 
tion. 

If  only  one  constituent  of  a mixture  be  dissolved  by  the 
liquid  employed,  this  particular  substance  is  obtained  in  a 
state  of  purity  without  difficulty,  because  the  others  are 
easily  got  rid  of  by  filtration;  when,  however,  two  or 
more  of  the  constituents  are  soluble,  their  further  separation 
can  usually  be  effected  by  fractional  crystallisation.  In  this 
process,  advantage  is  taken  of  the  difference  in  solubility 
of  the  substances.  On  slowly  cooling  the  hot  solution, 
the  more  sparingly  soluble  substance  is  first  deposited,  and 
can  be  separated  by  filtration  from  the  more  readily  soluble 
compound,  which  does  not  crystallise  until  the  solution  is 
further  cooled  or  concentrated ; the  two  crops  of  crystals  are 
then  separately  redissolved,  and  the  process  repeated  until 
each  substance  is  obtained  in  a pure  state,  as  shown  by  a 
determination  of  its  melting-point  (p.  20). 

Another  method  extensively  used  in  the  separation  and 
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purification  of  organic  substances,  both  solid  and  liquid,  is 
distillation  in  a current  of  steam.  The  substance  and  a little 
water  are  placed  in  a flask  (A,  fig.  2)  which  is  connected  with 
a condenser,  and  heated  on  a water-  or  sand-bath  ; a rapid 
current  of  steam,  generated  in  a separate  vessel  (B),  is  then 
passed  through  the  mixture.  The  distillate,  which  contains 


Fig.  2. 


the  volatile  organic  substance  in  solution,  or  in  suspension,  is 
afterwards  extracted  with  ether,  or  filtered,  or  treated  in  some 
other  way  according  to  circumstances.  In  this  simple  manner 
it  is  often  possible  to  isolate  a compound  when  all  other 
methods  fail ; it  is,  however,  only  applicable  in  the  case  of 
the  comparatively  few  organic  substances  which  are  volatile 
in  steam.  Many  compounds  which  cannot  be  distilled  in  the 
ordinary  way  because  the}'  undergo  decomposition,  are  volatile 
in  steam,  and  pass  over  unchanged,  even  when  their  boiling- 
points  are  much  higher  than  that  of  water. 

Organic  substances  which  boil  without  decomposition  can 
be  purified  by  distillation.  The  substance  is  placed  in  a 
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distilling  flask  (A,  fig.  3),  which  is  connected  with  a con- 
denser, the  neck  of  the  flask  being  closed  with  a cork,  through 
which  a thermometer  passes ; the  bulb  of  the  thermometer  is 
placed  just  below  the  opening  of  the  side-tube  (B),  and  a few 
scraps  of  unglazed  porcelain  or  platinum  are  put  in  the  distilling 
flask,  to  prevent  ‘bumping’  or  sudden  ebullition.  In  the  case 
of  liquids  which  boil  at  temperatures  above  13U°  or  so,  a long 


glass  tube  (C)  without  a water-jacket  is  used  instead  of  a 
Liebig’s  condenser,  which  is  apt  to  crack.  If  the  compound 
to  be  purified  contain  only  a small  quantity  of  non-volatile 
impurities,  the  thermometer  rises  very  rapidly  as  soon  as  the 
liquid  begins  to  boil,  but  then  remains  practically  stationary 
until  almost  the  whole  has  distilled.  Towards  the  end  of  the 
operation,  however,  it  begins  to  rise  again,  and  distillation  is 
then  stopped,  the  impurities  remaining  in  the  distilling  flask. 
If  the  distillate  be  now  transferred  to  a clean  flask,  and 
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redistilled,  it  will  boil  at  a constant  temperature,  which  is  the 
boiling-point*  of  the  liquid. 

All  pure  substances  which  boil  without  decomposition  have 
a definite  boiling-point  (b.p.),  which  is  dependent  on  the 
pressure.  As  the  pressure  diminishes,  the  boiling-point  is 
lowered,  so  that,  by  carrying  out  the  process  under  reduced 
pressure,  it  is  often  possible  to  distil  a substance  which 
would  undergo  decomposition  under  ordinary  atmospheric 
pressure,  because  in  the  latter  case  it  is  heated  more  strongly. 

The  boiling-point  is  one  of  the  most  important  physical 
constants  of  a substance,  and  affords  a valuable  means  of 
identifying  it.  An  observation  of  the  boiling-point  should 
always  be  made  with  an  apparatus  similar  to  that  shown 
above,  and  a considerable  quantity  of  the  liquid  should  be 
distilled,  in  order  to  make  sure  that  it  has  a constant  boiling- 
point  ; if  not,  it  is  impure.  Before  distilling  a substance,  it 
should  be  carefully  dried  ; in  the  case  of  liquids,  this  is  done 
by  shaking  them  with  a few  small  pieces  of  fused  calcium 
chloride,  potassium  carbonate,  or  other  dehydrating  agent,  and 
then  decanting  or  filtering. 

When  a mixture  of  two  (or  more)  volatile  substances  is 
distilled  in  the  manner  described  above,  it  begins  to  boil 
at  some  temperature  lying  between  the  boiling-points  of 
the  constituents.  As  distillation  proceeds,  the  boiling-point 
rises,  and  towards  the  end  of  the  operation,  it  usually  becomes 
nearly  the  same  as  that  of  the  liquid  which  boils  at  the 
higher  temperature.  In  the  case  of  a mixture  of  alcohol 
(b.p.  78-3°)  and  water  (b.p.  100°),  for  example,  the  ther- 
mometer at  first  registers  some  temperature  between  78-3 
and  100°  according  to  the  proportion  of  the  two  substances, 
and  the  first  portions  of  the  distillate  contain  a larger  pro- 
portion of  alcohol  than  the  original  mixture.  During  dis- 
tillation, the  thermometer  slowly  and  continuously  rises, 
and  at  last  registers  99-100°,  the  portions  passing  over  at  this 
temperature  consisting  of  practically  pure  water.  The  change 

* Sec  foot-note,  p.  21. 
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in  boiling-point  is  due  to  a change  in  the  composition  of  the 
mixture ; the  alcohol,  being  more  volatile,  passes  off  more 
quickly  than  the  water.  It  is  possible,  therefore,  to  partially 
separate  a mixture  of  liquids  by  collecting  the  distillate  in 
portions  or  fractions  at  intervals  of  5 or  10°,  the  operation 
being  termed  fractional  distillation.  By  redistilling  each 
fraction  separately,  a further  separation  is  effected,  and,  after 
a sufficient  number  of  operations,  the  constituents  of  the 
mixture  are  obtained  in  a practically  pure  condition,  boiling 
at  a constant  temperature.  Such  a separation,  however,  can 
only  be  satisfactorily  effected  provided  that  there  is  a differ- 
ence of  at  least  20-30°  between  the  boiling-points  of  the 
liquids ; in  many  cases,  even  when  there  is  a greater  difference 
than  this,  a complete  separation  cannot  be  accomplished. 

As  an  illustration  of  the  process  of  fractional  distillation,  the  case 
of  a mixture  of  50  c.c.  of  benzene  (b.p.  81°)  and  50  c.c.  of  xylene 
(b.p.  140°)  may  be  taken.  The  mixture  begins  to  boil  at  about  87°, 
the  thermometer  rising  gradually  to  140’ ; if  the  receiver  be  changed 
every  10°,  the  following  fractions  are  obtained  : 


o 

O 

o 

1 

CO 

100-110’ 

110-120° 

120-130° 

130-140° 

33  c.c. 

16  c.c. 

8 ’5  c.c. 

8 c.c. 

33  c.c. 

(1) 

(2) 

(3) 

(4) 

(5) 

The  first  and  last  are  larger  than  the  others,  because  the  tempera- 
tures at  which  they  are  collected  are  approximately  the  boiling- 
points  of  the  constituents.  If,  now,  the  fractions  1 and  5 be  separ- 
ately redistilled,  they  will  yield  a large  fraction  boiling  at  81-85’ 
and  at  135-140°  respectively,  as  well  as  small  intermediate  fractions, 
which  are  collected  separately.  By  repeating  these  operations  with 
the  fractions  2,  3,  and  4,  a large  proportion  of  the  mixture  is 
ultimately  separated  into  two  fractions,  from  which  benzene  and 
xylene  respectively  can  be  obtained  in  an  almost  pure  condition  by 
further  fractional  distillation. 

The  process  of  fractional  distillation  is  greatly  facilitated  by 
employing  a flask  with  a long  neck,  or  by  causing  the  mixed 
vapours  to  pass  through  a long  vertical  tube  before  they 
enter  the  condenser.  By  this  means  the  vapour  of  the 
liquid  of  higher  boiling-point  is  partially  condensed,  and 


OF  ORGANIC  COMPOUNDS. 


10 


runs  back  into  the  distilling  flask  instead  of  passing  over 
with  the  more  volatile  liquid. 

Fractional  distillation  is  frequently  carried  out  under 
reduced  pressure  for  the  reasons  already  stated  in  the  case  of 
ordinary  distillation.  A simple  apparatus  for  this  purpose  is 
easily  made  by  inserting  the  side-tube  of  one  distilling  flask 
(A,  fig.  4)  into  the  neck  of  a second  flask  (B),  and  connecting 
the  side-tube  (of  B)  with  a water-pump.  The  liquid  to  be 


Fig.  4. 


distilled  is  placed  in  A ; the  air  is  then  exhausted,  and  the 
distillation  carried  out  in  the  usual  manner,  the  process  being 
interrupted  when  the  receiver  is  being  changed. 

Tests  of  Purity. —Before  attempting  to  determine  the 
composition  of  an  organic  substance,  its  purity  must  bo 
established.  It  would  be  useless  to  test  for  chlorine,  for 

example,  in  an  impure  organic  compound,  since,  even  if 
a distinct  indication  were  obtained,  this  element  might  be 
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present  (as  a chloride)  in  the  form  of  impurity.  In  the  case 
of  a compound,  liquid  or  solid,  which  distils  ‘ unchanged,  its 
purity  can  generally  be  established  by  observing  if  its  boiling- 
point  is  constant.  A solid  substance  should  he  examined 
under  the  microscope  in  order  to  see  whether  it  is  homo- 
geneous, and  an  observation  of  its  melting-point  should  be 
made. 

Pure  substances  which  melt  or  liquefy  without  decom- 
position do  so  at  a definite  temperature,  which  is  called  the 

melting-point  of  the  compound  ; 
when,  however,  the  substance 
is  impure,  not  only  is  the  melt- 
ing-point lowered,  but  it  is  also 
rendered  indefinite,  the  mixture 
becoming  soft  and  pasty  at  a 
certain  temperature,  and  not 
melting  completely  until  heated 
considerably  above  this  point. 
The  determination  of  the  melt- 
ing-point affords,  therefore,  a 
valuable  test  of  purity,  and  also 
serves  as  a means  of  identifying 
a compound. 

The  apparatus  generally  em- 
ployed for  determining  the  melt- 
ing-point consists  of  a small 
beaker  (a,  fig.  5)  of  about  50 
e.c.  capacity,  containing  concen- 
trated sulphuric  acid,  and  fitted 
with  a glass  stirrer  (b).  A 
minute  quantity  of  the  sub- 
stance is  placed  in  a capillary 
tube  ( c ),  closed  below,  which  is  attached  to  a thermometer  ( il ) 
by  means  of  a small  india-rubber  ring,  or  simply  caused  to 
adhere  to  it  by  capillary  attraction.  The  acid  is  slowly 
heated,  being  constantly  stirred,  and  the  temperature  at 


Fig.  5. 
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which  the  substance  liquefies — that  is  to  say,  its  melting- 
point  (m.p.)  * — is  noted. 

QUALITATIVE  ELEMENTARY  ANALYSIS. 

A pure  compound  having  been  obtained,  it  is  often  possible, 
by  noting  its  appearance,  smell,  crystalline  form,  solubility 
in  various  solvents,  and  by  determining  its  melting-  or 
boiling-point,  to  prove  that  it  is  identical  with  some  substance 
the  composition  of  which  is  knotvn  : when,  however,  this 
cannot  be  done,  the  next  step  is  to  ascertain  of  what  elements 
the  substance  is  composed. 

In  order,  in  the  first  place,  to  ascertain  whether  the  sub- 
stance contains  carbon — that  is  to  say,  whether  it  really  is  an 
organic  compound — a small  quantity  is  heated  on  platinum 
foil.  If  it  inflames  and  burns  away,  or  swells  up,  giving  a 
black  mass,  which  on  strongly  heating  entirely  disappears,  the 
substance  is  in  all  probability  organic.  The  salts  of  organic 
acids  usually  char  when  treated  in  this  way,  and,  on  further 
heating,  the  carbonaceous  matter  burns  away,  leaving  a residue 
which  may  be  dissolved  in  water  or  acids  and  examined  by 
the  usual  methods  of  inorganic  analysis ; sodium  acetate, 
for  example,  yields  sodium  carbonate,  silver  acetate  gives 
metallic  silver,  and  copper  acetate  the  oxide  of  the  metal. 
If  a halogen,  or  sulphur,  be  present  in  the  acid,  it  is  generally 
found  in  the  residue  in  combination  with  the  metal. 

The  behaviour  of  a substance  when  heated  with  concentrated 
sulphuric  acid  often  affords  an  indication  of  the  presence  of 
carbon,  as  many  organic  substances  blacken  under  these 
conditions  owing  to  the  separation  of  carbonaceous  matter. 

If  neither  of  these  tests  give  a decisive  result,  the  compound 
is  mixed  with  about  ten  times  its  weight  of  pure  copper 
oxide,  and  the  mixture  heated  to  redness  in  a narrow  tube  of 
hard  glass  sealed  at  one  end,  the  escaping  gases  being  led  into 

* The  observed  melting-  or  boiling-point  of  a substance  is  usually  rather 
lower  than  the  true  value,  because,  as  a rule,  the  column  of  mercury  is 
not  wholly  immersed  in  the  heating  liquid  or  vapour. 
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lime-water ; under  these  conditions  all  organic  substances* 
are  decomposed,  yielding  carbon  dioxide,  the  formation  of 
which  is  proved  by  the  lime-water  becoming  turbid. 

The  presence  of  hydrogen  may  sometimes  be  detected  by 
heating  the  substance  in  a dry  test  tube  and  noticing  whether 
any  water  is  formed  as  the  result  of  decomposition : as,  how- 
ever, many  organic  compounds  do  not  yield  water  under  these 
conditions,  but  simply  distil  unchanged,  and  as  the  detec- 
tion of  water  itself  in  such  small  quantities  is  not  a very  simple 
matter,  the  only  reliable  test  for  hydrogen  is  to  heat  the 
substance  with  dry  copper  oxide  in  a stream  of  dry  air  or 
oxygen  (see  pp.  26-28) ; if  hydrogen  be  present,  it  will  be 
oxidised  to  water,  the  formation  of  which  may  be  proved  by 
passing  the  products  of  combustion  through  a weighed 
calcium  chloride  tube. 

The  presence  of  chlorine,  bromine,  or  iodine  in  organic 
compounds  cannot,  as  a rule,  be  detected  by  the  methods 
employed  in  the  examination  of  inorganic  substances,  as 
for  example,  by  means  of  silver  nitrate,  or  by  heating  with 
manganese  dioxide  and  sulphuric  acid;  chloroform,  for  instance, 
contains  a very  large  proportion  of  chlorine,  but  when  pure  it 
gives  no  precipitate  with  silver  nitrate,  and  simply  boils  away 
when  heated  with  manganese  dioxide  and  sulphuric  acid. 

A simple  but  not  quite  conclusive  test  for  the  halogens  is  to 
take  a piece  of  copper  wire,  and  heat  one  end  of  it  in  the 
oxidising  zone  of  the  Bunsen  flame  until  it  is  quite  black 
and  ceases  to  colour  the  flame  green.  A small  quantity  of 
the  substance  is  then  heated  on  the  end  of  the  wire  in  the 
flame,  when,  if  a halogen  be  present,  a green  colouration  is 
usually  observed,  due  to  the  formation  of  a volatile  halogen 
compound  of  copper.  As,  however,  this  test  sometimes 
fails,  and  as,  moreover,  it  does  not  give  any  information  as 
to  which  of  the  halogens  is  present,  one  of  the  following 
methods  is  almost  invariably  adopted. 

* Except  the  stable  carbonates  and  cyanides  of  the  alkalies  and  alkaline 
earths. 
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(a)  A small  quantity  of  the  substance  is  placed  in  a narrow 
test  tube,  together  with  a bright  piece  of  sodium  (or 
potassium)  about  the  size  of  a pea,  and  gently  heated,  care 
being  taken,  especially  in  the  case  of  volatile  compounds, 
that  the  metal  is  brought  into  contact  with  the  substance  and 
thoroughly  chars  it.  The  mixture  is  then  heated  more  strongly, 
finally  at  a red  heat,  and  after  allowing  to  cool  a little,  the 
tube  is  broken  by  introducing  the  hot  end  into  about  10  c.c. 
of  water  contained  in  an  evaporating  basin.  The  alkaline 
solution  is  filtered  from  carbonaceous  matter,  the  filtrate 
acidified  with  pure  nitric  acid  and  a portion  tested  with  silver 
nitrate ; if  a precipitate  be  formed,  the  presence  of  halogen  in 
the  original  substance  is  proved,  and  its  nature  may  he  deter- 
mined by  submitting  the  rest  of  the  solution,  or  the  pre- 
cipitate, to  the  usual  examination.  This  test  depends  on 
the  fact  that  when  any  organic  substance  containing 
chlorine,  bromine,  or  iodine  is  heated  with  sodium,  the 
halogen  combines  with  the  metal  to  form  chloride,  bromide, 
or  iodide  of  sodium,  which  can  then  be  tested  for  in  the 
usual  manner. 

(b)  A small  quantity  of  the  substance  is  heated  with  pure 
lime  in  a tube  of  hard  glass,  as  described  later  (p.  35).  The 
mixture  is  allowed  to  cool,  carefully  shaken  into  distilled 
water,  the  solution  acidified  with  nitric  acid,  filtered  from 
carbonaceous  matter,  and  tested  with  silver  nitrate.  If  the 
substance  contained  a halogen — chlorine,  for  instance — heat- 
ing it  with  calcium  oxide  causes  the  formation  of  calcium 
chloride. 

The  presence  of  nitrogen  in  an  organic  substance  is 
frequently  indicated  by  the  peculiar,  unpleasant  smell,  like 
that  of  burning  feathers,  which  is  observed  on  heating  the 
substance  on  platinum  foil.  A better  test  is  to  strongly  heat 
a fairly  large  quantity  of  the  substance  with  soda-lime*  in  a 
hard  glass  tube,  when,  if  ammonia  is  evolved,  the  presence  of 

* Soda-lime  is  prepared  by  intimately  mixing  quicklime  and  caustic 
soda,  and  strongly  heating  the  mixture  until  it  is  quite  dry. 
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nitrogen  is  proved.  As,  however,  certain  organic  compounds 
containing  nitrogen  do  not  yield  ammonia  when  heated  with 
soda-lime,  the  following  test  must  be  applied  before  the 
absence  of  nitrogen  may  be  considered  as  satisfactorily  proved. 
The  substance  is  carefully  heated  with  a bright  piece  of 
sodium  or  potassium  exactly  as  described  in  testing  for  the 
halogens ; the  alkaline  solution  is  filtered  from  carbonaceous 
matter,  a few  drops  of  ferrous  sulphate  added  to  the  filtrate, 
the  mixture  warmed  for  a short  time,  acidified  with  pure 
hydrochloric  acid,  and  tested  with  a drop  of  ferric  chloride, 
when,  if  nitrogen  were  present  in  the  original  substance,  a 
deep  bluish-green  coloration,  or  a precipitate  of  Prussian 
blue,  is  produced. 

This  test  depends  on  the  fact  that  the  nitrogen  and  some  of 
the  carbon  in  the  organic  compound  combine  with  the  sodium 
to  form  sodium  cyanide  ; when  the  alkaline  solution  of  sodium 
cyanide  is  warmed  with  ferrous  sulphate,  ferrous  hydrate  is 
precipitated  and  sodium  ferrocyanide  is  formed,  GNaCIST  + 
pe(OII)2  = !STn4Fe(CN)6  + 2NaOH,  so  that  on  afterwards 
adding  a ferric  salt*  to  the  acidified  solution,  Prussian  blue  is 
produced. 

Sulphur  and  phosphorus  may  be  detected  by  gradually 
adding  a small  quantity  of  the  substance  to  a fused  mixture 
of  potassium  carbonate  and  nitre,  heated  on  a piece  of  platinum 
foil ; under  these  conditions  the  sulphur  is  oxidised  to  sul- 
phuric acid,  the  phosphorus  to  phosphoric  acid.  The  residue, 
which  should  be  colourless,  the  carbon  having  been  burned  to 
carbon  dioxide,  is  dissolved  in  water,  and  the  solution  of 
potassium  salts  tested  for  the  above-mentioned  acids  in  the 
usual  way.  Another  method,  similar  in  principle,  consists  in 
oxidising  the  substance  with  nitric  acid  in  a sealed  tube,  as 
described  later  (pp.  33-35). 

* During  the  operation  some  of  the  ferrous  hydrate  generally  becomes 
oxidised  to  ferric  hydrate,  which,  on  acidifying  with  hydrochloric  acid,  is 
converted  into  ferric  chloride  ; a precipitate  of  Prussian  blue  is  thus  at  once 
produced. 
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Sulphur  may  also  be  detected  by  heating  the  substance 
with  sodium  or  potassium  in  the  manner  described  above, 
and  bringing  a portion  of  the  allvaline  solution  into  contact 
with  a bright  silver  coin  ; if  the  original  substance  contained 
sulphur,  an  alkaline  sulphide  will  have  been  produced,  the 
presence  of  which  will  be  at  once  recognised  by  the  formation 
of  a black  stain  on  the  silver  coin. 

QUANTITATIVE  ELEMENTARY  ANALYSIS.* 

When  the  qualitative  examination  has  been  completed, 
the  quantitative  analysis  may  be  proceeded  with,  but  not 
before  : the  reason  of  this  is,  that  the  presence  of  certain 
elements  necessitates  a slight  change  in  the  methods  to  be 
employed,  as  will  be  shown  below. 

Estimation  of  Carbon  and  Hydrogen. — All  organic  com- 
pounds f are  decomposed  when  brought  into  contact  with  red- 
hot  copper  oxide,  or  with  any  substance  which  readily  gives  up 
oxygen,  the  carbon  being  con- 
verted into  carbon  dioxide,  the 
hydrogen  into  water ; by  em- 
ploying a known  weight  of 
substance,  and  collecting  and 
weighing  these  products  of 
combustion,  the  percentage  of 
carbon  and  hydrogen  may  be 
readily  determined.  The  appar- 
atus generally  used  for  this  purpose  is  shown  in  the  accompany- 
ing figures. 

The  calcium  chloride  or  drying  tube  (fig.  6)  is  filled  with 
granulated  anhydrous  calcium  chloride,  or  with  fragments  of 
pumice  moistened  with  concentrated  sulphuric  acid,  and  serves 

* The  following  account  of  the  methods  most  commonly  adopted  in  the 
quantitative  analysis  of  organic  compounds  is  only  intended  to  indicate  the 
nature  of  the  processes;  the  details  of  manipulation,  upon  which  success 
depends,  can  only  he  learned  by  practice  in  the  laboratory. 

+ With  the  exceptions  already  mentioned  in  the  foot-note,  p.  22. 
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to  absorb  the  water ; the  potash  bulbs  (fig.  7)  are  partly  filled, 
as  shown,  with  strong  potash  (sp.  gr.  about  1-28),  the 
small  tube  (a),  which  contains  anhydrous  calcium  chloride, 
serving  to  retain  the  aqueous  vapour  which  is  taken  up  in  the 


passage  of  the  gases  through 
the  potash.  The  calcium 
chloride  tube  and  the  potash 
bulbs  are  carefully  weighed 
before  and  after  the  combus- 
tion, the  caps  ( b , b)  with  which 
they  are  closed  being  removed 
in  both  cases ; the  gain  in 
weight  of  the  former  corre- 
sponds with  the  amount  of  water  produced,  that  of  the 
latter  representing  the  amount  of  carbon  dioxide  absorbed. 

The  combustion  is  carried  out  in  a piece  of  hard  glass  com- 
bustion tube  (a,  b,  fig.  8),  which  is  usually  about  90  cm.  long, 
and  open  at  both  ends ; part  of  the  tube  (/  to  /)  is  filled  with 
a layer  of  granulated  copper  oxide  kept  in  its  place  by  loose 
asbestos  plugs  (e,  e).  Before  commencing  the  analysis  the 
tube  is  heated  in  a combustion  furnace  (/<•),  at  a dull  red  beat, 
a current  of  air,  carefully  freed  from  carbon  dioxide  and  mois- 
ture— by  passing  first  through  potash  contained  in  the  wash 
bottle  (y),  and  then  through  the  two  towers  (//,  j)  * containing 
pumice  moistened  with  concentrated  sulphuric  acid— being  led 
through  it  in  order  that  any  moisture  or  traces  of  organic 
matter  may  be  removed ; the  empty  section  of  the  tube  (a,  f) 
is  then  allowed  to  cool. 

The  drying  tube  (/)  having  been  fitted  into  the  end  (b) 
through  an  india-rubber  cork,  and  the  potash  bulbs  (in) 
attached  by  means  of  a short  piece  of  india-rubber  tubing, 
0-15  to  0-2  gram  of  the  substance,  accurately  weighed  out  in 
a narrow  porcelain  or  platinum  boat  (d),  is  introduced  into 
the  tube ; a roll  of  platinum  foil  (c)  is  then  placed  behind 


* In  practice,  two  such  sets  of  drying  apparatus  are  usually  employed, 
one  for  the  air,  the  other  for  the  oxygen. 
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the  boat  in  order  to  prevent  as  far  as  possible  any  backward 
diffusion  of  the  products  of 
combustion.  When  a volatile 
liquid  is  to  be  analysed,  the 
substance  is  weighed  out  in 
a thin  glass  bull)  (shown  on 
a larger  scale  at  «),  which  is 
afterwards  placed  in  the  boat 
(at  d). 

A slow  stream  of  air  care- 
fully freed  from  moisture  and 
carbon  dioxide,  as  before,  is 
now  passed  through  the  tube, 
the  combustion  of  the  sub- 
stance being  started  and  regu- 
lated by  turning  on  the  gas 
taps  (beginning  at  <•).  As  soon 
as  the  whole  of  the  tube  has 
been  gradually  raised  to  a dull 
red  heat,  the  current  of  air  is 
turned  off,  and  a stream  of 
pure  oxygen  is  passed,  in  order 
to  burn  any  remaining  organic 
matter,  and  to  oxidise  the 
copper  which  has  been  formed 
by  the  reduction  of  some  of 
the  copper  oxide ; finally,  air 
is  again  passed  until  the  oxy- 
gen is  expelled  from  the  ap- 
paratus. The  whole  operation 
occupies  from  li  to  3 hours, 
according  to  the  nature  of  the 
substance.  The  calcium 
chloride  tube  and  the  potash 
bulbs  are  then  disconnected, 
their  ends  closed  with  the  india-rubber  caps,  and  allowed 
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to  stand  for  one  or  two  hours,  when  they  are  again 
weighed. 

Now,  since  the  gain  in  weight  of  the  potash  bulbs  is  due 
to  the  absorption  of  carbon  dioxide,  which  has  been  formed 
during  the  combustion,  j-fths  or  -j^-tlis  (C/CO.,)  of  this  gain 
in  weight  represents  the  quantity  of  carbon  in  the  amount  of 
substance  taken ; as  also  the  gain  in  weight  of  the  calcium 
chloride  tube  corresponds  with  the  amount  of  water  formed, 
py-ths  or  Jth  (H2/H20)  of  this  increase  represents  the  amount 
of  hydrogen.  The  percentage  of  carbon  and  hydrogen  may 
therefore  be  calculated. 

Example. — 0-1582  gram  of  substance  gave  on  combustion 
0-0614  gram  of  Id20  and  0-3C20  gram  of  C02 ; therefore, 


0-1582  gram  of  substance  contains  0-0614  x 
of  hydrogen,  and  0-3620  x jq  = 0‘0987 
so  that  100  parts  of  the  substance  contain 
4-31  parts  of  hydrogen,  and  — ^ — 


^ = 0-0068  gram 

gram  of  carbon, 
0-0068  x 100  _ 

0-1582 

= 62-40  parts  of 


carbon. 

If  the  substance  consist  of  carbon,  hydrogen,  and  oxygen 
only,  the  difference  between  the  sum  of  the  above  numbers 
and  100  must  represent  the  quantity  of  oxygen;  the  per- 
centage composition  of  the  substance  is  therefore 

C 62-40  per  cent. 

H 4-31 

0 33-29  ii  (by  difference). 

The  percentage  of  oxygen  is  always  obtained  by  difference, 
there  being  no  satisfactory  method  by  which  this  element 
may  be  directly  estimated. 

The  following  points  remain  to  be  noticed  in  connection 
with  the  determination  of  carbon  and  hydrogen.  If  the 
substance  contain  nitrogen,  it  is  necessary  to  insert  a roll  of 
bright  copper  gauze,  about  four  inches  long,  into  the  front  part 
(5)  of  the  tube ; this  is  kept  red  hot  during  the  combustion. 
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and  serves  to  decompose  any  oxides  of  nitrogen*  produced 
during  the  operation,  which  would  otherwise  be  absorbed 
by  tire  water  in  the  calcium  chloride  tube  and  by  the 
potash,  and  thus  lead  to  erroneous  results.  When  the  sub- 
stance contains  a halogen , a roll  of  silver  gauze  must  be 
used  in  order  to  prevent  any  halogen  or  halogen  compound 
of  copper  from  passing  into  the  absorption  apparatus ; usually, 
in  analysing  a substance  containing  halogens,  sulphur,  or 
phosphorus,  the  space  / to  / (fig.  8)  is  filled  with  lumps  of 
fused  lead  chromate  instead  of  copper  oxide.  Lead  chromate, 
like  copper  oxide,  is  a powerful  oxidising  agent  at  high 
temperatures,  its  action  being  probably  represented  by  the 
equation 

4PbCr04  = 4Pb  + 2Cr.203  + 10  0. 

Any  sulphur  dioxide,  phosphorus  pentoxide,  or  halogen  pro- 
duced during  the  combustion  is  completely  retained  by  the 
lead  chromate,  as  PbS04,  PbCl2,  &c.,  and  thus  its  passage  into 
the  absorption  apparatus  is  prevented. 

Quantitative  Determination  of  Nitrogen. —Nitrogen  may 
be  estimated  in  two  ways,  either  volumetrically  by  Dumas’ 
method,  or  gravi metrically,  as  ammonia,  by  Will  and  Yarren- 
trap’s  process. 

1.  Volumetric  Estimation  by  Dumas’  Method. — This 
process  is  based  on  the  fact  that  when  ignited  with  copper 
oxide,  nitrogenous  organic  substances  are  entirely  decomposed 
into  carbon  dioxide,  water,  and  nitrogen.  If  the  gaseous 
products  of  combustion  be  collected  over  potash,  the  carbon 
dioxide  is  absorbed,  and  the  residual  gas  consists  of  practically 
pure  nitrogen  ; by  measuring  the  volume  of  the  gas  obtained 

* 2NO,  + 4Cu  = N2  + 4CuO ; N;0:i  + 3Cu  = No  + 3CuO.  In  order  to 
render  the  roll  of  gauze  as  efficient  as  possible,  it  is  beated  in  a blow- 
pipe flame  until  thoroughly  oxidised,  and,  while  red  hot,  dropped  into  a 
little  pure  methyl  alcohol  contained  in  a test  tube ; the  methyl  alcohol 
reduces  the  copper  oxide,  giving  a very  bright  surface  of  copper.  The  roll  is 
then  completely  freed  from  methyl  alcohol  by  heating  at  100-180°  for  half 
an  hour,  just  before  commencing  the  combustion. 
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from  a known  weight  of  substance,  the  percentage  of  nitrogen 
can  be  readily  ascertained. 

The  analysis  is  carried  out  in  a combustion  tube  similar  to 
that  used  in  the  determination  of  carbon  and  hydrogen  (tig.  8), 

but  containing  in  the  front 
end  (b)  a roll  of  copper  gauze, 
which  serves  to  decompose 
any  oxides  of  nitrogen  formed 
during  the  combustion  (see 
foot-note,  p.  29).  Instead, 
however,  of  placing  the  sub- 
stance in  a boat,  the  weighed 
quantity  is  intimately  mixed 
with  finely-powdered  copper 
oxide,  this  mixture  occupying 
the  space  c to  e.  Before  com- 
mencing to  heat  the  sub- 
stance, a stream  of  carbon 
dioxide  is  passed  through  the 
tube  until  the  air  has  been 
expelled,  which  is  the  case 
when  the  bubbles  are  almost 
entirely  absorbed*  in  passing 
through  the  potash ; at  the 
same  time  the  roll  of  copper 
gauze  and  the  front  part  of 
the  tube  are  raised  to  dull  redness.  The  combustion  is  then 
started  by  gradually  heating  the  mixture  of  substance  and 
copper  oxide,  the  escaping  gases  being  either  collected  over 
mercury  in  a eudiometer  containing  potash,  or  more  conveni- 
ently in  the  apparatus  shown  in  fig.  9. 

As  soon  as  the  whole  of  the  tube  has  been  raised  to  a dull 
or  cherry-red  heat,  and  gases  cease  to  be  evolved,  a current 


* The  bnl ililes  are  never  completely  absorbed,  as  it  >'s  impossible  to  drive 
out  tbe  last  traces  of  air. 
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of  carbon  dioxide  is  led  through  the  combustion  tube  until 
the  rest  of  the  nitrogen  has  been  expelled.  The  eudiometer 
is  then  closed  with  the  thumb,  inverted  in  a cylinder  of 
water,  and  the  thumb  removed  so  that  the  mercury  may 
fall  out  and  the  strong  potash  mix  with  the  water.  After 
about  half  an  hour’s  time,  the  tube  is  held  vertically  in 
such  a position  that  the  level  of  the  water  inside  and  outside 
is  the  same,  and  the  volume  (v)  of  the  nitrogen  is  observed,  the 
temperature  ( f ) of  the  gas — that  is,  of  the  water  surrounding 
the  tube — and  the  height  (P)  of  the  barometer  being  also 
noted. 

The  apparatus  (Schiff’s  nitrometer)  shown  in  fig.  9,  which 
is  now  very  generally  used  in  nitrogen  determinations,  con- 
sists of  a graduated  tube  («c),  provided  with  a stojicock  (a) 
and  a reservoir  (if),  by  means  of  which  the  tube  may  be  filled 
with  potash  (sp.  gr.  1-3),  and  which  also  serves  for  regulating 
the  pressure  in  the  apparatus ; the  lower  part  of  the  tube 
(cb)  is  filled  with  mercury,  which  forms  a seal  and  prevents 
the  passage  of  the  potash  into  the  combustion  tube  (e).  After 
carbon  dioxide  has  been  passed  through  the  combustion  tube 
for  a considerable  time,  the  tube  ( b ) is  connected,  and  the 
reservoir  (d)  lowered.  If  the  bubbles  are  almost  completely 
absorbed  as  they  ascend  through  the  potash,  the  combustion 
is  proceeded  with,  the  nitrogen  remaining  in  the  tube  at 
the  end  of  the  operation  being  swept  into  the  apparatus  by 
means  of  carbon  dioxide,  as  described  above.  The  apparatus 
is  now  placed  aside  for  about  an  hour  to  cool ; the  reservoir 
(d)  is  then  raised  until  the  potash  in  it  and  in  the  tube  (ac) 
is  at  the  same  level,  and  the  volume  of  nitrogen  (y)  is  read 
ofl,  the  temperature  (7°)  and  the  barometric  pressure  (1J) 
being  noted. 

The  weight  of  nitrogen  in  the  quantity  of  substance  taken 
is  readily  ascertained  when  its  volume  (in  cubic  centimetres) 
has  been  determined  by  either  of  the  methods  described. 
Since  the  volume  v is  measured  at  f°  under  a pressure  P — w, 
where  w = the  tension  of  aqueous  vapour  in  mm.  of 
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mercury*  at  the  temperature  f,  the  volume  V at  0°  and  760 

mi  P - w 273  . , , 

mm.  would  he  v x x — j0.  As,  now,  1 c.c.  of 

i 60  2/3  + r 

nitrogen  weighs  0-001256  gram  at  N.T.P.,+  the  weight  of 
Y c.c.  will  be  V x 0-001256  gram. 

Example. — 0-2248  gram  of  substance  gave  7-1  c.c.  of  nitro- 
gen measured  at  16°;  P = 753-5  mm.,  w = 13-5  mm.  The 

weight  of  the  gas,  therefore,  is  7-1  x -1?  x x 0-001256 

/ ou  zoy 

o Anonr  i4-i  . t -4.  0-00805  x 100 

= O-OObOo  gram,  and  the  percentage  of  nitrogen - ■ - 

0*2248 

= 3-58. 

2.  The  Gravimetric  Estimation  of  Nitrogen  as  Ammonia, 

by  Will  and  Yarren trap’s  method,  depends  on  the  fact  already 
stated,  that  many  nitrogenous  organic  substances,  when  heated 
with  caustic  alkalies,  are  decomposed  in  such  a way  that  the 
whole  of  their  nitrogen  is  converted  into  ammonia : by 
estimating  the  amount  of  ammonia  produced  by  the  decom- 
position of  a known  weight  of  the  substance,  the  percentage 
of  nitrogen  can  be  determined. 

The  apparatus  (fig.  10)  employed  for  this  purpose  consists 
of  a piece  of  hard  glass  tube  (ad),  about  35  cm.  long, 
drawn  out  and  sealed  at  one  end  (a) ; an  asbestos  wad  is 
loosely  fitted  into  the  end  (a),  and  the  space  a to  b is  filled 
with  coarsely  powdered  soda-lime ; the  part  b to  c contains  a 
mixture  of  the  weighed  substance  and  finely  powdered  soda- 
lime,  the  remainder  of  the  tube  ( c to  d)  being  filled  with 
coarsely  powdered  soda-lime  only,  the  whole  being  kept  in 
position  by  an  asbestos  wad  (at  d). 

* Some  of  the  values  of  w which  are  most  frequently  required  are  the 
following  : 

t = 10“  12”  14"  10“  18°  20° 

w = 9-14  10-43  1188  13-51  15-33  17-36  mm. 

When  the  apparatus  shown  in  fig.  9 is  employed,  the  vapour  tension  of  the 
strong  potash  is  much  less  than  that  of  pure  water  ; if  the  potash  has 
a sp.  gr.  =1-3  it  is  usual,  in  practice,  to  deduct  from  P half  the  tension 
of  aqueous  vapour  at  the  temperature  t. 

f Normal  temperature  and  pressure— that  is,  0°  and  700  mm. 
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The  absorption  apparatus  (e)  contains  dilute  hydrochloric 
acid,  and  serves  to  absorb  the  ammonia ; it  is  fitted  into  the 
open  end  of  the  tube  by  means  of  an  india-rubber  cork.  The 
tube  is  gradually  heated  in  a combustion  furnace,  as  in 
determining  nitrogen  volu metrically  (commencing  at  d),  and 


Fig.  10. 


when  the  whole  has  been  raised  to  a red  heat,  the  ammonia 
remaining  in  the  tube  is  drawn  into  the  absorption  bulb  by 
breaking  off  the  sealed  end  and  aspirating  air  through  the 
apparatus. 

The  amount  of  ammonia  which  has  been  produced  may 
be  determined  gravimetrically  by  precipitation  with  platinic 
chloride,  or,  if  a known  volume  of  standard  hydrochloric 
acid  has  been  introduced  into  the  bulbs,  the  quantity 
neutralised  by  the  ammonia  may  be  estimated  volumetrically 
by  titration  with  standard  alkali. 

The  sorla-Iinie  method  is  not  altogether  satisfactory,  because, 
owing  to  the  decomposition  of  some  of  the  ammonia  formed  during 
the  operation,  the  results  are  usually  too  low.  This  decomposition 
may,  to  some  extent,  he  prevented  by  adding  a little  sugar  to  the 
mixture  of  the  substance  and  soda-lime.  Furthermore,  the  method 
I is  not  of  universal  application,  as  many  nitrogenous  organic 
substances,  especially  those  belonging  to  the  aromatic  group,  do 
not  yield  the  whole  of  their  nitrogen  in  the  form  of  ammonia  when 
j heated  with  soda-lime. 

Quantitative  Determination  of  Chlorine,  Bromine,  and 
Iodine.— The  halogens  in  an  organic  compound  are  very 
■ readily  estimated  by  the  method  devised  by  Carius,  which 
I consists  in  oxidising  the  substance  with  nitric  acid  at  a high 
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temperature  in  presence  of  silver  nitrate.  Under  these  con- 
ditions the  carbon  is  completely  oxidised  to  carbon  dioxide, 
and  the  hydrogen  to  water,  the  halogen  combining  with  the 
silver  ; the  chloride,  bromide,  or  iodide  of  silver  thus  produced 
is  collected  and  weighed  in  the  ordinary  way.  The  decom- 
position is  carried  out  in  a strong  glass  tube  ( ab , fig.  11), 
about  40  cm.  long,  sealed  at  one  end  (a) • the  substance  is 


weighed  out  in  a small  glass  receptacle,  which  is  placed  in 
the  tube  together  with  a few  crystals  of  silver  nitrate.  Pure 
concentrated  nitric  acid  having  been  added  in  quantity 
sufficient  to  fill  J-th  to  ^d  of  the  tube,  the  open  end  is  drawn 
out  and  sealed,  as  shown  at  b.  The  tube  is  then  placed  in  an 
iron  case,  and  heated  in  a specially  constructed  apparatus 
(fig.  11)  at  a temperature  necessary  to  ensure  complete 
decomposition,  usually  at  about  180°,  for  four  hours;  in  the 
case  of  very  stable  substances,  a much  higher  temperature 
and  prolonged  heating  are  required,  and  fuming  nitric  acid 
must  be  used.  When  quite  cold  the  tube  is  opened,*  the 

* Very  great  care  must  always  be  taken  in  working  with  sealed  tubes, 
as  they  frequently  explode,  and  serious  accidents  may  occur.  The  tube  is 
wrapped  in  a cloth  as  it  is  being  removed  from  the  iron  case  ; after  the 
pressure  has  been  released  by  bolding  the  capillary  point  in  a flame,  the 
tube  is  cut  with  a file  in  the  usual  way. 
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contents  poured  into  distilled  water,  and  the  halogen  silver 
salt  treated  in  the  usual  way. 

Another  method  of  estimating  the  halogens,  especially 
useful  in  the  case  of  substances  which  are  difficult  to  de- 
compose, consists  in  heating  the  compound  with  pure,  freshly 
ignited  quicklime  (prepared  by  calcining  marble)  in  a narrow 
piece  of  combustion  tube,  about  50  cm.  long,  and  closed  at  one 
end.  In  charging  the  tube  a little  lime  is  first  introduced, 
and  then  the  mixture  of  the  substance  with  about  ten  times 
its  weight  of  quicklime,  the  remainder  of  the  tube  being 
nearly  filled  with  quicklime.  After  tapping  gently  to  form 
a small  channel  for  the  passage  of  the  gases,  the  tube  is 
heated  in  a combustion  furnace,  the  front  part  being  raised 
to  a bright  red  heat  before  the  decomposition  of  the  substance 
is  proceeded  with.  When  quite  cold,  the  contents  of  the 
tube  are  cautiously  shaken  into  excess  of  dilute  nitric  acid, 
the  acid  solution  filtered  from  carbonaceous  matter,  and  the 
halogen  precipitated  by  the  addition  of  silver  nitrate. 

Sulphur  and  Phosphorus  may  be  estimated  by  heating 
the  substance  in  a sealed  tube  with  nitric  acid,  as  described 
above,  but  without  the  addition  of  silver  nitrate.  The  whole 
of  the  sulphur  is  oxidised  to  sulphuric  acid,  the  phosphorus 
to  phosphoric  acid,  which  may  then  be  estimated  by  the 
ordinary  methods  of  analysis. 

Another  method  for  determining  sulphur  and  phosphorus 
(applicable  only  in  the  case  of  organic  acids  and  some  non- 
volatile neutral  compounds),  consists  in  heating  the  substance 
with  a mixture  of  potassium  carbonate  and  nitre  in  a platinum 
crucible,  until  the  product  is  colourless.  TTore,  again,  the  sub- 
stance is  completely  oxidised,  and  the  sulphate  or  phosphate 
produced  may  be  estimated  in  the  solution  of  the  residue. 
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CHAPTER  II. 

DEDUCTION  OF  A FORMULA  FROM  THE  RESULTS  OF  ANALYSTS 
AND  DETERMINATION  OF  MOLECULAR  WEIGHT. 

The  quantitative  analysis  of  an  organic  compound  is  usually 
made  with  one  of  two  objects : either  to  prove  that  a 
particular  compound  is  what  it  is  supposed  to  be,  or  to 
ascertain  the  percentage  composition  of  some  pure  substance, 
the  nature  of  which  is  quite  unknown. 

In  the  first  case,  the  results  of  the  analysis  are  compared 
with  the  calculated  percentage  composition,  and  if  the  two 
series  of  values  agree  within  the  limits  of  experimental  error, 
the  fact  is  taken  as  evidence  that  the  substance  in  question  is 
what  it  was  believed  to  be. 

Example. — A substance  obtained  by  oxidising  a fat  with 
nitric  acid  is  suspected  to  be  succinic  acid,  C4H604,  and,  on 
analysis,  it  gives  the  following  results  : C = 40-56,  II  = 5-12, 
0 = 54-32  (by  difference)  per  cent.  Since  the  percentage 
composition  of  succinic  acid,  calculated  from  its  formula,  is 
C = 40-68,  11  = 5-08,  0 = 54-24  per  cent.,  the  analysis  affords 
strong  confirmation  of  the  conclusion  previously  arrived  at. 

In  the  second  case,  the  nature  of  the  substance  being 
entirely  unknown,  it  is  necessary  to  deduce  a formula  from 
the  analytical  results — that  is  to  say,  to  find  the  relative 
number  of  the  atoms  in  the  molecule  of  the  compound. 

Example. — The  percentage  composition  of  a substance  is 
found  to  be  C = 84-0,  II  = 16-0;  deduce  its  formula.  Since 
an  atom  of  carbon  weighs  twelve  times  as  much  as  an  atom 
of  hydrogen,  the  ratio  between  the  number  of  atoms  of 

carbon  and  the  number  of  atoms  of  hydrogen  is  ^ ^ 

or  7 : 16  ; the  formula  CTlIir,  may  therefore  be  given  to  the 
substance,  this  formula  having  been  obtained  by  dividing  the 
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percentage  of  each  element  by  the  atomic  weight  of  that 
element. 

Example. — The  percentage  composition  of  a substance  is 
C = 39-95,  H = 6-69,  0 = 53-36;  deduce  its  formula.  Pro- 
ceeding as  before,  the  ratio  between  the  number  of  atoms  is 
found  to  be  3-33  : 6-69  : 3-33, 


_ 39-95 

“PT 


3-33,  II  = 


6-69 

1 


6-69,  0 


53-36 

16 


3-33; 


dividing  now  each  term  by  3-33  to  simplify,  and  allowing 
for  experimental  errors,  the  ratio  of  the  atoms  C : Id  : 0 
= 1 : 2 : 1 ; the  formula  obtained  in  this  way  is  therefore 
CH.,0. 

In  order,  then,  to  calculate  a formula  from  the  percentage 
composition,  the  quantity  of  each  element  is  divided  by  the 
atomic  weight  of  that  element,  and  the  ratio  is  then  expressed 
in  whole  numbers  by  dividing  each  term  by  the  smallest,  or 
by  some  simple  fraction  of  the  smallest  term. 

Example. — The  percentage  composition  of  a substance  is 
C = 19-88,  H = 6-88,  N = 46-86,  O = 26-38;  deduce  its 
formula. 

C = — ‘ = 1-657  *£•  1-649  = 1 

H = = 6-880  4-  1-649  = 4 


N = 
0 = 


46-86 

14 


= 3-347  -4  1-649 


26~  = 1-649  - 1-649  = 1 
16 


The  formula,  therefore,  is  CH4N.,0 ; the  ratio  of  the  atoms 
determined  experimentally  is,  of  course,  not  exactly  1 : 4 : 2 : 1, 
owing  to  unavoidable  errors. 

The  formula  calculated  from  the  results  of  analysis  is  the 
simplest  expression  of  the  ratio  of  the  atoms,  and  is  termed 
an  empirical  formula ; such  a formula  may,  or  may  not,  show 
how  many  atoms  of  each  element  the  molecule  of  the 
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substance  contains,  because  substances  such  as  formaldehyde, 
CH„0,  acetic  acid,  C2H402,  and  lactic  acid,  C3H603,  have  the 
same  percentage  composition,  and  would  all  be  found,  on 
analysis,  to  have  the  same  empirical  formula,  CH20. 


Determination  of  Molecular  Weijht. 


Further  investigation  is  necessary  in  order  to  deduce  the 
molecular  formula  of  a compound,  by  which  is  meant  a 
formula  expressing  not  only  the  ratio,  but  also  the  actual 
number  of  the  atoms  in  the  molecule  ; in  other  words,  the 
molecular  weight  of  the  compound  must  be  determined.  If, 
for  example,  it  can  be  proved  that  a compound  of  the 
empirical  formula  CH.,0  has  a molecular  weight  = GO, 
this  fact  shows  that  the  molecular  formula  is  C2H402 
(C2  = 24,  H4  = 4,  02  = 32 ; total  GO),  and  not  CH20  or 
CgHeOg  ; that  is  to  say,  the  molecule  consists  of  two  atoms  of 
carbon,  four  of  hydrogen,  and  two  of  oxygen. 

The  determination  of  the  molecular  weight  of  a substance 
is  therefore  of  great  importance,  and  for  this  purpose  certain 
physical  methods,  described  later,  are  adopted  whenever 
possible ; no  purely  chemical  methods  are  known  by  which 
the  molecular  weight  can  be  established  with  certainty, 
although  such  methods  often  afford  some  indication  of  the 
probable  molecular  weight,  as  will  be  seen  from  the  following 
examples. 

Chemical  Methods. — In  the  case  of  organic  acids,  the 
analysis  of  a salt  of  the  acid  is  often  of  value ; the  silver  salt 
is  generally  employed  for  this  purpose,  a weighed  quantity 
being  ignited  in  a porcelain  crucible,  when  complete  decom- 
position ensues,  and  a residue  of  pure  silver  is  obtained. 

Example. — The  percentage  composition  of  an  organic  acid 
is  C = 39-95,  II  = 6-69,  0 = 53-3G  ; its  empirical  formula  is 
therefore  C1I20.  Its  silver  salt  was  prepared ; 0-2960  gram 
of  the  pure  salt  gave  on  ignition  0-1 G20  gram  of  silver,  so  that 


the  percentage  of  silver  in  the  salt  is 


0-1620  x 100 


54-73. 


0-2960 
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Now,  since  54' 73  parts  of  silver  are  contained  in  100 
parts  of  the  salt,  107-7  parts  of  silver  will  be  contained  in 

100  x 107-7  _ jgg.yg  parts  0f  salt;  but  107-7  is  the  atomic 
54-^3 

weight  of  silver,  so  that  if  the  salt  contain  one  atom  of  silver, 
its  molecular  weight  must  be  196-78,  and,  as  the  salt  is  formed 
from  the  acid  by  displacing  1 part  of  hydrogen  by  107-7 
parts  of  silver,  the  molecular  weight  of  the  acid  must  be 
196-78  — 107-7  + 1 = 90-08.  Since,  however,  the  acid  is 
composed  of  carbon,  hydrogen,  and  oxygen,  the  atomic  weights 
of  which  are  all  taken  as  whole  numbers,  the  molecular 
weight  of  the  acid  must  also  be  a whole  number — that  is  to 
say,  90 — the  value  found  experimentally  being  not  quite 
correct,  owing  to  errors  in  the  analysis.  The  molecular 
weight  of  the  acid  being  90,  its  molecular  formula  is  not 
CH.,0  (=  30)  or  C2H402  { - 60),  but  CaH603  (=  90),  that 
of  tlie  silver  salt  being  C3H503Ag  (=  196-7). 

This  conclusion  is  based  on  the  assumption  that  the  silver 
salt  contains  only  1 atom  of  silver — that  is  to  say,  that  the 
acid  is  monobasic ; until  this  assumption  is  proved  to  be 
correct,  the  analysis  of  the  silver  salt  does  not  establish  the 
molecular  formula  of  the  acid.  If  the  acid  had  the  molecular 
; formula  C0H12O6,  and  contained  two  atoms  of  displaceable 
; hydrogen — that  is  to  say,  were  dibasic — the  silver  salt 
j C6H10O6Ag2  would  contain,  as  before,  54-75  per  cent,  of 
j silver,  and  the  molecular  weight,  calculated  as  above,  would 
again  appear  to  be  90.  But  if  the  acid  were  dibasic,  it  would 
probably  be  possible  to  displace  only  one  atom  of  hydrogen, 
i and  obtain  an  acid  salt,  C6HnOBAg,  the  analysis  of  which 
would  point  to  the  molecular  formula  CgH^Og.  If  this  were 
found  impossible,  the  fact  would  be  taken  as  evidence  against 
this  molecular  formula,  and  the  conclusion  would  be  drawn 
! that  the  probable  molecular  formula  is  C:jlI0O3. 

Most  organic  bases  combine  with  hydrochloric  acid  to  form 
• salts  which,  like  ammonium  chloride,  form  double  salts  with 
| platinic  chloride  and  with  auric  chloride.  These  double  salts 
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usually  have  the  composition  B'2,H.,PtCl6,  and  B',HAuCl4, 
where  B'  represents  one  molecule  of  a monacid  base,  such  as 
methylamine  CII5N,  ethylamine  C2H7N,  &c.  When  these 
salts  are  ignited  in  a porcelain  crucible,  pure  finely  divided 
platinum,  or  gold,  remains  ; so  that  the  percentage  of  metal 
in  the  salt  is  very  easily  determined.  Assuming  that  one 
molecule  of  the  salt  contains  1 atom  of  platinum  or  gold,  and 
that  the  salt  has  the  above  composition,  the  molecular  weight 
of  the  base  can  be  calculated. 

Example. — The  platinum  double  salt  ( plafinochloride ) of  an 
organic  base  gave  on  ignition  37-2  per  cent,  of  platinum; 
what  is  its  probable  molecular  weight?  Since  37-2  parts  of 
platinum  are  contained  in  100  parts  of  the  salt,  197  parts  of  the 

100  x 197 

metal  are  contained  in  — j = 529-4  parts  of  salt, 


and,  as  197  is  the  atomic  weight  of  platinum,  the  mole- 
cular weight  of  the  salt  is  529-4.  The  molecular  weight  of 


the  base  (C3TI0N)  is  therefore 


B'„H.,PtCl„  - H2PtCl6 
2 


or 


529-4  - (2  + 197  + 212-4)  _ 529-4-411-4  _ ?? 

2 2 

As  in  the  case  of  acids,  so  in  that  of  bases,  the  molecular 
weight  calculated  from  the  analytical  results  may  be  incorrect, 
because  it  is  not  known  whether  the  compound  is  a monacid 
base  or  not.  Some  bases  are  diacid,  and  form  platinochlorides 
of  the  composition  B",H0PtCl6,  so  that  a diacid  base  of  the 
molecular  weight  118  would  yield  a plati nochloride  containing 
the  same  percentage  of  platinum  as  the  salt  of  a monacid  base 
of  the  molecular  weight  59.  • 

It  will  be  seen  from  the  above  examples,  that,  assuming 
that  there  is  only  one  atom  of  any  particular  element  in  the 
molecide  of  the  compound,  the  probable  molecular  weight  may 
be  calculated  from  the  results  of  analysis. 

This  being  the  case,  the  probable  molecular  formula  of  a 
compound  may  often  be  determined  by  preparing  and  analys- 
ing some  simple  derivative. 
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Example. — A liquid  hydrocarbon  lias  the  percentage  com- 
position C = 92-31,  H = 7-69;  its  empirical  formula  is 
therefore  CH.  On  treating  this  hydrocarbon  with  bromine, 
it  yields  hydrogen  bromide  and  a bromo-derivative  consisting 
of  C = 45-86,  II  = 3-18,  Br  = 50-96  per  cent.  The  empir- 
ical formula  of  this  derivative  is 


C 


45-86 

12 


3-82  - 0-637  = 61 


II  = ^ = 3-18  - 0-637  = 5 - 

Br  = — f6  = 0-637  4-  0-637  = 1 
80  ; 


C#H,Br. 


Now  since,  from  experience,  there  are  strong  grounds  for 
supposing  that  the  number  of  atoms  of  carbon  in  the  molecule 
is  not  changed  on  treating  with  bromine,  the  probable  mole- 
cular formula  of  the  hydrocarbon  is  C6H6 ; it  cannot  be  less 
than  this,  but  it  may  be  greater.  A hydrocarbon  C121I12, 
for  example,  might  give  a bromo-derivative  C]2H10Br2,  and 
these  compounds  would  have  the  same  percentage  composi- 
tion as  CcH6  and  C6H5Br  respectively. 

The  probable  molecular  weight  may  often  be  deduced  with 
tolerable  certainty  by  studying  the  methods  of  formation,  and 
the  chemical  and  physical  properties  of  a substance.  When, 
for  example,  acetone  is  distilled  with  concentrated  sulphuric 
acid,  it  is  converted  into  a hydrocarbon  which,  on  analysis, 
is  found  to  have  the  empirical  formula  C3H4.  The  fact  that 
this  hydrocarbon  boils  at  163°  affords  very  strong  evidence 
that  the  molecular  formula  is  not  C3H„  or  Cnlls,  but  probably 
C9Hj2,  because  other  hydrocarbons  which  contain  only  3 or 
6 atoms  of  carbon  boil  at  a temperature  much  below  163°, 
and  an  increase  in  molecular  weight  is  generally  accompanied 
by  a rise  in  boiling-point. 

Physical  Methods. — One  of  the  most  important  physical 
methods  by  which  the  molecular  weight  of  a compound  can 
be  ascertained  is  by  determining  its  vapour  density.  This 
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method  is  bused  on  the  hypothesis  that  equal  volumes  of  all 
gases  measured  under  the  same  conditions  of  temperature  and 
pressure,  contain  the  same  number  of  molecules  (Avogadro’s 
Law).  If,  therefore,  the  weights  of  equal  volumes  of  various 
gases  be  determined  under  the  same  conditions,  these  weights 
must  be  in  the  same  proportion  as  the  weights  of  the  mole- 
cules of  the  gases.  In  other  words,  the  molecular  weight  of 
a substance  can  be  determined  by  ascertaining  the  weight  of 
a given  volume  of  the  vapour  of  the  substance,  compared  with 
the  weight  of  the  same  volume  of  hydrogen  measured  under 
the  same  conditions.  The  former  divided  by  the  latter  is  the 
specific  gravity  or  vapour  density  (Y.D.)  of  the  gas  compared 
with  hydrogen  as  unity. 

Now,  since  the  vapour  density  is  a number  expressing  how 
many  times  a given  volume  of  the  gas  is  heavier  than  the 
same  volume  of  hydrogen,  it  also  expresses  how  many  times 
one  molecule  of  the  substance  is  heavier  than  one  molecule 
of  hydrogen  ( = 2),  because  equal  volumes  contain  an  equal 
number  of  molecules.  The  molecular  weight,  on  the  other 
hand,  is  a number  expressing  how  many  times  one  molecule 
of  the  substance  is  heavier  than  one  atom  of  hydrogen 
( = 1);  therefore  the  molecular  weight  is  double  the  vapour 
density,  because  the  standard  with  which  it  is  compared  is 
half  as  great : M.W.  = Y.D.  x 2. 

Sometimes  air  is  taken  as  unit  weight  in  stating  the  specific 
gravity  or  vapour  density  cf  a gas;  since  air  is  14-43  times 

heavier  than  hydrogen,  the  sp.  gr.  compared  with  air  is  ^ — 

of  the  value  when  compared  with  hydrogen ; so  that,  in  order 
to  obtain  the  molecular  weight,  the  sp.  gr.  is  in  such  cases 
multiplied  by  28-8G  = 2 x 14-43. 

Determination  of  Vapour  Density. 

The  vapour  density  of  a substance  is  ascertained  experi- 
mentally, (a)  by  measuring  the  volume  occupied  by  the  vapour 
of  a known  weight  of  the  substance  at  known  temperature 
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and  pressure,  or  (h)  by  ascertaining  the  weight  of  a known 
volume  of  the  vapour  of  the  . ubstance  at  known  temperature 
and  pressure.  The  observed  volume  of  the  vapour  is  then 
reduced  to  0°  and  760  mm.,  and  the  Aveight  of  a volume  of 
hydrogen  at  0°  and  760  mm.  equal  to  the  corrected  volume 
of  the  vapour  is  calculated ; the  Aveight  ol  the  vapour  divided 
by  that  of  the  hydrogen  is  the  vapour  density. 

Example. — An  organic  liquid  has  the  empirical  formula 
C4H10O ; 0-062  gram  of  the  liquid  gave  23-2  c.c.  of  vapour 
at  50°  and  720  mm.,  Avhat  is  its  molecular  formula? 

The  volume  at  0°  and  760  = 23-2  x 1 — x — 7^2? — = 18  i.7  c.c. 

760  273  + 50 

and  1 c.c.  of  hydrogen  at  N.T.P.  Aveighs  0-0000896  gram  ; 
therefore  18-57  c.c.  Aveigh  0-00164  gram. 

The  weight  of  the  vapour  0-062  37  7 - y J) 

The  Aveight  of  the  hydrogen  0-00164 

The  molecular  Aveight  - Y.D.  x 2 or  37-7  x 2 = 75-4. 

Since  the  molecular  weight  of  a compound  of  the  empirical 
formula  C4H10O  is  calculated  to  be  74,  the  determination  of 
the  vapour  density  proves  that  the  molecular  formula  of  the 
liquid  is  C4H,0O,  so  that  in  this  case  the  empirical  is  iden- 
tical Avith  the  molecular  formula.  The  molecular  Aveight 
determined  experimentally  from  tire  vapour  density  frequently 
differs  from  tire  theoretical  value  by  several  units,  OAving  to 
experimental  errors;  this,  hoAvever,  is  of  little  importance, 
since  all  that  is  required  in  most  cases  is  to  decide  betAveen 
multiples  of  the  empirical  formula,  in  the  above  example, 
between  C4H10O  = 74,  C8lI20O3  - 148,  &c. 

The  determination  of  the  vapour  density  is  only  possible 
Avhen  a substance  can  be  converted  into  vapour  Avitliout 
decomposition  under  the  conditions  of  the  experiment.  In 
many  cases,  however,  a non-volatile  compound,  or  a com- 
pound Avhich  cannot  be  vaporised  Avithout  decomposition,  can 
be  converted  into  some  simple  derivative  Avhich  is  volatile, 
so  that,  by  determining  the  vapour  density  of  the  latter, 
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the  molecular  weight  of  the  parent  substance  can  be  ascer- 
tained. 

The  following  are  some  of  the  methods  employed  in  deter- 
mining vapour  density  : 
Gay-Lussac's  or  Hof- 
mann's Method. — A gradu- 
ated barometer  tube  (ah,  fig. 
12),  about  85  cm.  long,  and 
35  mm.  wide,  filled  with 
and  then  inverted  in  mer- 
cury, is  surrounded  by  a 
wider  tube  (c),  through 
which  the  vapour  of  some 
liquid  boiling  at  a known 
and  constant  temperature  is 
passed.  For  this  purpose  the 
upper  end  of  the  outer  tube 
(c)  is  connected  with  a vessel 
(A),  usually  made  of  cop- 
per, containing  the  heating 
liquid,  which  is  kept  in 
rapid  ebullition.  The  liquids 
most  commonly  employed 
are  water  (b.p.  100°),  xylene 
(b.p.  140°),  aniline  (b.p. 

183°),  and  ethyl  benzoate 
(b.p.  213°).  The  condensed 
liquid  escapes  through  the  side-tube  (/),  and  is  collected  for 
subsequent  use. 

As  soon  as  the  barometer  tube  is  at  a constant  temperature, 
a weighed  quantity  (about  0-05  gram)  of  the  substance  con- 
tained in  a small  stoppered  vessel  (d),  which  it  fills  completely, 
is  introduced  into  the  open  end  (/>).  The  vessel  immediately 
rises  to  the  surface  of  the  mercury  in  the  tube,  the  substance 
vaporises  into  the  Torricellian  vacuum,  and  the  mercury  is 
forced  downwards;  as  soon  as  the  level  remains  stationary,. 
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the  volume  of  the  vapour  is  noted.  The  tempered  arc  of  the 
vapour  is  the  boiling-point  of  the  liquid  employed  to  heat 
the  barometer  tube.  The  pressure  is  determined  by  sub- 
tracting the  height  of  the  column  of  mercury  in  the  inner 
tube  ( ah ),  above  the  level  in  the  trough,  from  the  height 
of  the  barometer,  both  readings  having  been  first  reduced 
to  0°.*  The  weight  of  the  vapour  is  that  of  the  substance 
taken. 

The  great  advantage  of  this  method  lies  in  the  fact  that  it 
affords  a means  of  determining  the  vapour  density  of  sub- 
stances under  greatly  reduced  pressures,  and  therefore  at 
temperatures  very  much  below  their  ordinary  boiling-points, 
so  that  it  can  often  be  employed  with  success  in  the  case  of 
substances  which  are  only  volatile  without  decomposition 
under  reduced  pressure. 

Dumas'  Method. — A globe-shaped  vessel  of  about  200  c.c. 
capacity  (a,  fig.  13),  the  neck  of  which  is  drawn  out  to  a fine 
tube,  is  carefully  weighed,  the  tem- 
perature ( t’° ) and  pressure  (P')  being 
noted.  A fairly  large  quantity  of  the 
substance  (about  8-10  grams)  is  now 
introduced  by  gently  heating  the  globe 
and  quickly  dipping  the  tube  into  the 
liquid.  The  vessel  is  then  immersed  in 
an  oil-bath  (shown  in  section  in  fig.  13) 
containing  a thermometer  (h),  and  heated 
at  a constant  temperature,  at  least  20° 
above  the  boiling-point  of  the  com- 
pound. The  air  in  the  apparatus  is 
quickly  expelled  by  the  rapid  vaporisation  of  the  substance, 
and  the  vessel  is  filled  with  the  vapour  of  the  liquid.  As 
soon  as  the  whole  of  the  liquid  has  been  vaporised,  which  is 
known  by  the  fact  that  gas  ceases  to  issue  from  the  fine  tube, 

■ the  point  of  the  latter  is  sealed  before  the  blowpipe,  the 
i temporal  are  of  the  oil-bath  (/°)  and  the  height  of  the  barometer 

* By  correcting  for  the  expansion  of  the  mercury. 
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(P)  being  noted.  The  globe  is  allowed  to  cool,  and  is  then 
cleaned,  dried,  and  weighed. 

The  point  of  the  tube  is  now  broken  under  water  (or  mer- 
cury), which  rushes  in  and  fills  the  globe  completely,  except 
for  the  minute  quantity  of  liquid  produced  by  the  condensa- 
tion of  the  vapour  in  the  globe  ; the  globe  is  again  weighed, 
and  its  capacity  or  volume  (v)  calculated  from  the  weight 
of  the  water  contained  in  it,  the  weight  in  grams  being 
equivalent  to  the  volume  in  c.c.  The  volume  may  also  be 
measured  directly  by  transferring  the  liquid  from  the  globe  to 
a graduated  vessel. 

When  the  globe  is  weighed  the  first  time  it  is  full  of  air, 
but  at  the  second  weighing  it  is  full  of  vapour ; if,  therefore, 
the  first  weight  be  subtracted  from  the  second,  the  difference, 
W,  is  the  weight  of  the  volume,  v,  of  vapour  less  the 
weight  of  the  volume,  v,  of  air.*  The  weight  of  the  air 
is  calculated  by  reducing  the  volume,  v,  at  t'°  and  P'  to  N.T.P., 
and  multiplying  by  0 001 293,  the  weight  of  1 c.c.  of  air  at 
N.T.P.  ; this  weight  added  to  W gives  the  weight  of  the 
volume,  v,  of  vapour  at  t°  and  P.  The  volume,  v,  of  vapour  at 
f and  P is  then  reduced  to  N.T.P.,  the  weight  of  an  equal 
volume  of  hydrogen  at  N.T.P.  calculated,  and  divided  into 
the  weight  of  the  vapour. 

Vidor  Meyer's  Method.- — Owing  to  its  simplicity,  and  the 
rapidity  with  which  the  determination  may  be  made,  this 
method  is  now  used  whenever  possible ; the  apparatus  is 
represented  in  fig.  14.  The  bulb  tube  (oh)  is  closed  (at  a)  by 
means  of  an  india-rubber  stopper,  and  heated  by  the  vapour 
of  some  constant  boiling  liquid  f contained  in  the  outer  vessel 
(c)  ; as  the  air  expands  it  escapes  through  the  narrow  tube  (d), 
which  dips  under  the  water  in  the  vessel  (e).  As  soon  as  the 

* Changes  in  the  temperature  of  the  air,  height  of  the  barometer,  and 
volume  of  the  globe  occurring  during  the  experiment  may  he  neglected. 

See  page  44  ; in  determining  the  vapour  density  of  substances  of  high 
boiling-point,  diphenylamine  (b.p.  310")  or  sulphur  (b.p.  44H  ) may  be  used, 
or  the  bulb  tube  ( ab ) may  be  heated  at  a constant  temperature  in  a metal 
bath. 
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temperature  of  the  bulb  tube  (ab)  becomes  constant — that  is 
to  say,  when  bubbles  of  air  cease  to  escape  (from  d) — the 
graduated  tube  (g)  is  tilled  with  water  and  inverted  over  the 
end  of  d;  the  stopper 
(a)  is  now  removed,  and 
a small  bottle  or  bulb  ( d , 
fig.  1 2)  completely  filled 
with  a weighed  quantity 
(about  0-1  gram)  of  the 
liquid  dropped  into  the 
apparatus,*  the  stopper 
being  replaced  as  quickly 
as  possible.  The  sub- 
stance immediately  va- 
porises, and  the  vapour 
forces  the  air  out  of  the 
apparatus  into  the  grad- 
uated vessel  (g).  When 
air  ceases  to  issue  (from 
d),  the  stopper  (a)  is  at 
once  taken  out  to  pre- 
vent the  water  (in  e) 
from  passing  into  the 
apparatus. 

The  volume  of  the 
vapour  is  ascertained  by 
measuring  the  volume 
(v)  of  the  air  in  the 
graduated  tube,  its  temperature  (t°)  and  the  barometric  pres- 
sure (P)  being  noted.  The  volume  of  the  air  (in  <j)  is 
mot  the  same  as  that  actually  occupied  by  the  hot  vapour 
(in  ab),  because  the  air  displaced  has  been  cooled,  and  is 
measured  under  a different  pressure.  Its  volume  now 
is  equal  to  that  which  the  given  weight  of  vapour  would 


* In  or<lor  to  prevent  fracture,  a little  mercury  or  saml  is  usually  placed 
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occupy  under  the  same  conditions  of  temperature  and  pres- 
sure. 

The  temperature  of  the  volume,  v,  of  air  being  f,  and 
the  height  of  the  barometer  P,  the  volume  at  JSM'.P. 
n , 273  P - w 

would  be  v x + p x ygQ- w being  the  tension  of 

aqueous  vapour  at  t°  (foot-note,  p.  32).  The  weight  of  an 
equal  volume  of  hydrogen  at  N.T.P.  is  then  calculated  and 
divided  into  the  weight  of  the  substance  taken;  the  vapour 
density  is  thus  obtained. 

Determination  of  Molecular  Weight  from  the  depression  of 
the  freezing-point  of  a solvent. — When  sugar  is  dissolved  in 
water,  the  solution  freezes  at  a lower  temperature  than  pure 
water,  and  the  extent  to  which  the  freezing-point  is  lowered 
or  depressed  is,  within  certain  limits  of  concentration,  directly 
proportional  to  the  weight  of  sugar  in  solution ; 1 part  of 
sugar,  for  example,  dissolved  in  100  parts  of  water  depresses 
the  freezing-point  about  0-058° — that  is  to  say,  the  solution 
freezes  at  - 0-058°  instead  of  at  0°,  the  freezing-point  of 
pure  water;  2 parts  of  sugar  dissolved  in  100  parts  of 
water  lower  the  freezing-point  0-116°,  3 parts  0-174°,  and 
so  on. 

Solutions  of  other  organic  compounds  in  other  solvents, 
such  as  acetic  acid,  benzene,  &c.,  behave  in  a similar  manner, 
and,  in  sufficiently  dilute  solutions,  the  depression  of  the  freez- 
ing-point is  (approximately)  proportional  to  the  number  of 
molecules  of  the  dissolved  substance  in  a given  weight  of  the 
solvent,  and  independent  of  the  nature  of  the  substance.  If, 
then,  molecular  proportions  of  various  substances  be  separately 
dissolved  in  a given  (and  sufficiently  large)  quantity  of  tbe 
same  solvent,  the  depression  of  the  freezing-point  is  the 
same  in  all  the  solutions,  but  different  with  different  solvents. 
In  other  words,  if  the  molecular  weight  in  grams  of  any 
substance  be  dissolved  in  100  grams  of  a given  solvent,  the 
depression  of  the  freezing-point  is  a constant  quantity,  K, 
which  is  termed  the  molecular  depression  of  that  solvent 
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When,  therefore,  this  constant  has  been  determined  for  any 
^solvent,  the  molecular  weight,  M,  of  a substance  can  be 
ascertained  by  observing  the  depression  of  the  freezing- 
j [ point  of  a sufficiently  dilute  solution,  containing  a known 
i quantity  of  the  substance.  If  1 gram  of  the  substance 
'were  dissolved  in  100  grams  of  the  solvent,  the  observed 

1 


( depression,  D,  would  he  K 


M’ 


because  Iv  is  the  depression 


I produced  by  the  molecular  weight  in  grams— that  is  to  say,  by 

!M  grams — and  the  depression  varies  directly  with  the  weight  of 

dissolved  substance.  If,  again,  P grams  of  the  substance  were 

^dissolved  in  100  grams  of  the  solvent,  the  depression,  D = 

p k x P 

IK  x — ; hence  the  molecular  weight  INI  = — — — , so  that  K 


and  P being  known,  if  the  depression  lie  ascertained  experi- 
lmentally,  the  molecular  weight,  M,  can  be  calculated. 

This  method  of  determining  the  molecular  weight  of  organic 
(.compounds  was  first  applied  by  Raoult,  and  is  usually  known 
as  Raoult’s  or  the  cryoscopic  method.  The  observation  is 
i usually  made  with  the  aid  of  the  apparatus  devised  by 
I IBeckmann  (fig.  15)  in  the  following  manner  : A large  tube  (A), 
labout  one  inch  in  diameter,  and  provided  with  a side-tube  (B), 
lis  closed  with  a cork  (C),  through  which  pass  a stirrer  (a)  and  a 
•thermometer  (h)  graduated  to  Txnr°.  A weighed  quantity 
(about  25  grams)  of  the  solvent  is  placed  in  the  tube,  which 
:is  then  fitted  into  a wider  tube  (1)),  which  serves  as  an  air- 
jacket  and  prevents  a too  rapid  change  in  temperature.  The 
^apparatus  is  now  introduced  through  a hole  in  the  metal 
plate  (E)  into  a vessel  which  is  partly  tilled  with  a liquid, 
tthe  temperature  of  which  is  about  5°  lower  than  the  freezing- 
point  of  the  solvent.  The  solvent  (in  A)  is  now  constantly 
■stirred,  when  the  thermometer  rapidly  falls  and  sinks  below 
-the  freezing-point  of  the  solvent,  until  the  latter  begins  to 
freeze ; the  thermometer  now  rises  again,  but  soon  becomes 
stationary  at  a temperature  which  is  the  freeziny-point  of  the 
solctnt.  A weighed  quantity  of  the  substance  is  now  intro- 

13 
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duced  through  the  side-tube  (B),  and  after  first  allowing  the 

solvent  to  melt  completely,  the 
freezing-point  of  the  solution 
is  ascertained  as  before.  The 
difference  between  the  two  freez- 
ing-points is  the  depression  (D)  ; 
the  molecular  weight  of  the  sub- 
stance is  then  calculated  with 
the  aid  of  the  above  formula. 

Example. — 4-9818  grams  of 
cane-sugar  (CjgH^Ojj)  dissolved 
in  96-94  grams  of  water  caused 
a depression  in  the  freezing-point 
of  0-295°  (D).  Since  96-94 
grams  of  the  solvent  contain 

4- 9818  grams  of  substance  P, 
the  quantity  in  100  grams  = 

5- 139  grams.  The  constant,  K, 


for  water  is  19 
molecular  weight, 

sugar  is  found  to  be 


hence  the 
M,  of  cane- 
19  x 5-139 


being 


0-295 

= 331,  the  true  value 
342. 

As  in  the  determination  of 
molecular  weight  from  the 
vapour  density,  the  experi- 
mental and  theoretical 
frequently  differ  by 
units,  this  is  of  little 
ance  for  the  reasons 
stated. 

The  constants,  K,  for  the  sol- 
vents most  frequently  used  are  : acetic  acid,  39  ; benzene,  49  ; 
water.  19. 


values 

several 

import- 

already 


Fig.  15. 
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CHAPTER  III. 

CONSTITUTION  OR  STRUCTURE  OF  ORGANIC  COMPOUNDS. 

Even  when  the  molecular  formula  of  an  organic  compound 
lias  been  established  by  the  methods  described  in  the  fore- 
going pages,  the  most  difficult  and  important  steps  in  the 
investigation  of  the  substance  have  still  to  be  taken. 

Many  cases  are  known  in  which  two  or  more  compounds 
nave  the  same  molecular  formula,  and  yet  are  different  in 
Ihemical  and  physical  properties;  there  are,  for  example,  two 
ompounds  of  the  molecular  formula  C.,1I402,  three  of  the 
molecular  formula  C5H12,  and  so  on.  Now,  if  the  properties 
:'f  a compound  depended  simply  on  the  nature  and  number  of 
he  atoms  of  which  it  is  composed,  there  could  not  be  two  or 
lore  different  substances  having  the  same  molecular  formula. 

The  only  possible  conclusion  to  be  drawn  from  the  proved 
xistence  of  such  compounds  is,  therefore,  that  the  difference 
etween  them  is  a difference  in  constitution;  in  other  words, 
nat  the  atoms  of  which  their  molecules  are  composed  are 
ifferently  arranged. 

There  is  nothing  at  all  improbable  in  this  conclusion  : in 
ae  case  of  simple  inorganic  compounds,  the  behaviour  of  any 
articular  atom  depends  on  the  nature  of  the  other  atoms  or 
mips  of  atoms  with  which  it  is  united.  The  hydrogen  atoms 
i i ammonia,  NHS,  for  example,  are  not,  but  the  hydrogen  atoms 
! sulphuric  acid,  H2S04,  are  displaceable  by  zinc,  and  the 
lly  difference  between  them  is  a difference  in  their  state  of 
imbination.  Tt  is  just  the  same  in  the  case  of  organic 
impounds  ; the  state  of  combination  determines  the  behaviour 
the  atoms,  and  therefore  the  properties  of  the  compound 
{ “.pend  on  the  state  of  combination  of  all  the  atoms  of  which 
I 5 molecule  is  composed. 

I Now,  although  the  actual  arrangement  or  structure  of  the 
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molecule  cannot  be  directly  determined,  it  is  possible  to 
obtain  some  idea  of  the  state  of  combination  of  the  atoms  by 
studying  the  chemical  behaviour  of  the  compound.  Methyl 
alcohol,  CII40,  for  example,  is  readily  acted  on  by  sodium, 
yielding  a compound  of  the  composition  CH3NaO,  which  is 
formed  by  the  displacement  of  one  hydrogen  atom  (a)  by  one 
atom  of  the  metal ; the  other  three  hydrogen  atoms  in  methyl 
alcohol  cannot  be  displaced,  no  matter  how  large  a quantity 
of  sodium  be  employed.  Again,  when  methyl  alcohol  is 
treated  with  hydrogen  chloride  under  certain  conditions,  one 
atom  of  hydrogen  and  one  atom  of  oxygen  are  displaced  by 
one  atom  of  chlorine,  a compound  of  the  composition  CH3C1 
being  formed, 

CTT40  + HC1  = CH3C1  + H,0. 

When  this  compound  is  heated  with  water,  it  is  transformed 
into  methyl  alcohol,  one  atom  of  chlorine  being  displaced  by 
one  atom  of  oxygen  and  one  atom  of  hydrogen  ; the  change 
is,  in  fact,  the  reverse  of  that  represented  above. 

From  these  and  other  experiments  it  is  concluded  that 
methyl  alcohol  contains  one  atom  of  hydrogen  (a)  combined 
differently  from  the  other  three ; also  that  one  atom  of  hydrogen 
is  closely  associated  with  the  oxygen  atom,  because  the  two 
are  constantly  displaced  and  replaced  together  ; as,  further, 
the  compound  CH3C1  does  not  contain  a hydrogen  atom 
which  can  be  displaced  by  sodium,  it  is  concluded  that  the 
particular  hydrogen  atom  (a)  in  methyl  alcohol  which  is  dis- 
placeable by  sodium  is  the  same  as  that  which  is  closely 
associated  with  the  oxygen  atom.  These  conclusions  may 
be  expressed  by  the  formula  CH3(OH). 

Now  any  compound,  such  as  ethyl  alcohol,  C2HflO,  propyl 
alcohol,  C3II8(>,  Ac.,  which  behaves  like  methyl  alcohol  under 
the  same  conditions,  may  be  assumed  to  contain  one  atom  of 
hydrogen  and  one  atom  of  oxygen  in  the  same  state  of 
combination  as  in  methyl  alcohol,  and  may  be  represented  by 
formulae  such  as  C2H5(OH),  C3II7(01I),  &c.  ; in  other  words, 
the  constitution  of  any  compound  may  be  ascertained  by 
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Comparing  its  behaviour  under  various  conditions  with  that  of 
some  compound  of  known  constitution.  Atoms  or  groups  of 
atoms  which  are  found  to  show  the  same  behaviour  are 
considered  to  be  in  a similar  state  of  combination.  In  this 
way  it  is  possible  to  determine  the  state  of  combination  of 
many  or  of  all  the  atoms  of  which  the  molecule  is  composed, 
and  then,  by  using  suitable  formulae,  not  only  the  state  of 
combination  or  constitution,  but  also  the  chemical  behaviour, 
of  the  substance  may  be  expressed.  Formulae  employed  for 
this  purpose  are  called  rational  or  constitutional  formulae. 

Another  way  of  representing  compounds  is  by  means  of 
graphic  formulae,  the  object  of  which  is  to  express  still  more 
fully  and  clearly  the  constitution  and  chemical  behaviour  of 
the  substance.  Before  giving  examples  of  the  use  of 
graphic  formulae,  it  will  be  necessary  to  consider  the  molecular 
formulae  of  some  of  the  simpler  organic  compounds.  For  this 
purpose  attention  may  be  directed  in  the  first  place  to 
compounds  such  as  (a)  CH4  and  CHC13 ; (h)  CO.,  and  COS ; 
(c)  COC1,;  and  (cl)  HCN,  which  contain  only  one  atom  of 
carbon  in  the  molecule.  In  all  these  compounds  the  atom  of 
carbon  is  combined  with  (a)  4 monovalent  or  monad  atoms, 
( b ) 2 dyad  atoms,  (c)  1 dyad  and  2 monad  atoms,  or  (cl)  1 
triad  and  1 monad  atom — that  is  to  say,  with  four  monad 
i atoms  or  their  valency  equivalent.  With  the  doubtful 
i exception  of  carbon  monoxide,  CO,*  no  compound  containing 
' only  one  carbon  atom  is  known,  in  which  the  carbon  atom  is 
i combined  with  more  or  lent)  than  four  monad  elements  or 
their  valency  equivalent;  carbon,  therefore,  is  ietravcdent , 
and  this  fact  may  be  expressed  by  writing  its  symbol, 

_ I 

C=  or  C=  or  — C — 

or  in  any  other  way,  four  lines  being  drawn  simply  to  express 
its  tetravaleut  character. 

For  similar  reasons  the  monovalent  hydrogen  atom  may  be 


Oxygen  may  be  assumed  to  be  a tetrad  in  CO. 


54 


CONSTITUTION  OF  ORGANIC  COMPOUNDS. 


represented  by  H — , divalent  oxygen  by  0=  or  — 0 — , tri- 

valent  nitrogen  by  N=  or  N , and  so  on,  the  number  of 

/ \ 

lines  serving  to  recall  the  valency  of  the  atom. 

If,  now,  in  the  case  of  substances  such  as  CH„  CH3C1, 
CHClg,  in  which  the  carbon  atom  is  united  with  four  monad 
atoms,  each  of  the  latter  be  placed  at  the  extremity  of  one  of 
the  four  lines  which  represent  the  valency  of  carbon,  the 
following  formulae  are  obtained  : 


H 

I 

H— C— Ii 

I 

H 


H 

Ii— C— H 

I 

Cl 


H 

I 

ci— c— Cl 

I 

Cl 


If  in  the  case  of  substances  such  as  C02,  C0C12,  COS,  each 
of  the  dyad  atoms  be  given  two  lines,  the  compounds  will  be 
represented  by  the  formulas 

O C-  O £j/C  O C Jg 

Similarly,  HCN  may  be  expressed  by  the  formula  Ii — C~N. 

Formulae  of  this  kind  are  termed  graphic  formula}.  They 
are  intended  to  express  in  a purely  diagrammatic  manner  the 
constitution  of  the  several  compounds — that  is  to  say,  the 
state  of  combination  and  the  valency  of  each  of  the  atoms  in 
the  molecule.  In  all  such  formulae,  therefore,  the  number  of 
lines  running  to  or  from  any  given  symbol  must  be  the  same 
as  the  number  of  monad  atoms  with  which  the  element 
represented  by  that  symbol  is  known  to  combine.  The 
constitution  of  carbon  bisulphide,  for  example,  cannot  be 


/S 

expressed  by  the  formula  C\  | , or  that  of  carbon  dioxide  by 

\s 

a formula  such  as  0 — C — O,  because  the  valency  of  the 
elements  is  not  correctly  indicated  by  the  number  of  lines. 

These  lines  arc  sometimes  called  valencies,  more  frequently 
bonds  or  linkings;  in  the  graphic  formula  II  C—  N,  the 
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hydrogen  atom  is  said  to  he  combined  with  carbon  by  one 
bond  or  linking,  the  nitrogen  atom  by  three.  The  hydrogen 
and  nitrogen  atoms  are  not  directly  combined,  but  are  both 
united  with  carbon. 

It  must  not  be  supposed,  however,  that  these  lines  are 
intended  to  represent  the  actual  force  or  attraction  which 
causes  the  atoms  to  combine.  They  are  simply  expressions  of 
valency  or  combining  capacity,  and  may  be  shortened  or 
lengthened  at  will  without  altering  their  significance  : as  a 
rule,  they  are  shortened,  as  in  the  formulae  IT-C:N  and 
O : C : S,  or  brackets  are  employed  instead,  as  in  CH3(OH), 

H 

which  signifies  the  same  as  CH3'OH  and  IT — C — 0 — H.  All 

H 

these,  except  the  last,  would  be  termed  constitutional  rather 
than  graphic  formulae,  but  there  is  no  sharp  difference  between 
them. 

All  such  formulae  are  based  on  considerations  of  valency 
and  on  a study  of  the  chemical  behaviour  of  the  compounds 
which  they  represent ; they  express,  in  fact,  in  a concise  and 
simple  manner  the  most  important  chemical  properties  of  the 
compound. 


CHAPTER  IV. 

THE  PARAFFINS,  OR  HYDROCARBONS  OF  THE  METHANE  SERIES. 

It  lias  already  been  noted  that  carbon  differs  from  all 
other  elements  in  forming  an  extraordinarily  large  number 
of  compounds  with  hydrogen ; these  compounds,  composed 
of  hydrogen  and  carbon  only,  are  called  hydrocarbons. 

Methane,  or  Marsh-gas,  CIT,,  is  the  simplest  hydrocarbon. 

1 It  is  met  with,  as  its  name  implies,  in  marshes  and  other 
places  in  which  the  decomposition  or  decay  of  vegetable 
matter  is  taking  place  under  water.  On  stirring  a marshy 
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pond  or  swamp,  bubbles  consisting  of  marsh-gas,  carbon 
dioxide,  and  other  gases,  frequently  rise.  It  is  one  of  the 
principal  constituents  of  the  gas  which  streams  out  of  the 
earth  in  the  petroleum  districts  of  America  and  Russia ; it 
also  occurs  in  coal-mines,  the  gas  (fire-damp)  which  issues  from 
the  fissures  in  the  coal  sometimes  containing  as  much  as 
80-90  per  cent,  of  methane,  to  the  presence  of  which,  mixed 
with  air,  explosions  in  coal-mines  are  due.  Ordinary  coal-gas 
usually  contains  about  40  per  cent,  of  methane. 

Methane  is  formed*  when  zinc  metliylf  (p.  216)  is  decom- 
posed with  water, 

Zn(CH3)2  + 2H20  = 2CH4  + Zn(OH),. 

It  is  also  obtained  when  sulphuretted  hydrogen  or  steam, 
together  with  the  vapour  of  carbon  bisulphide,  is  passed 
over  heated  copper, 

CS.,  + 2II2S  + 8Cu  = CH4  + 4Cu„S 

CS2  + 2H,0  + 6Cu  = CH4  + 2Cu2S  + 2CuO ; 

and  by  reducing  carbon  tetrachloride  with  sodium  amalgam 
(p.  93), 

CC14  + 4H„  = CH4  + 4HC1. 

Since  carbon  bisulphide  and  hydrogen  sulphide  may  be  pro- 
duced by  the  direct  union  of  their  constituent  elements,  and 
carbon  tetrachloride  is  formed  on  treating  carbon  bisulphide 
with  chlorine,  these  reactions  are  of  considerable  theoretical 
importance,  as  they  afford  a means  of  synthesising  methane 
from  its  elements.  They  are  often  quoted  as  examples  of  the 
synthesis  of  an  organic  compound  from  inorganic  materials, 
but  such  a view  is  rather  misleading,  because  carbon  and 
carbon  bisulphide  are  just  as  truly  ‘ organic  ’ as  methane. 

* The  words  formed,  obtained,  and  produced  .are  used  when  the  method  is 
of  theoretical  importance,  and  not  suitable  for  the  actual  preparation  of  the 
compound. 

+ Compounds,  such  as  zinc  methyl,  are  often  unavoidably  introduced 
long  before  their  properties  are  described ; in  such  cases  references  aro 
given.  The  groups  of  atoms,  Cl  I :i— II-,—,  C3H7-,  and  <'.,11  u-,  are  termed 
methyl,  ethyl,  propyl,  and  butyl  respectively. 
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Methane  is  prepared  by  heating  one  part  of  anhydrous 
sodium  or  potassium  acetate  with  four  parts  of  soda-lime 
in  a hard  glass  tube  or  retort,  and  collecting  the  gas  over 
water, 

C2H302Na  + NaOH  = CH4  + Na2C03. 

The  gas  obtained  in  this  way  contains  small  quantities  of 
hydrogen,  ethylene  (p.  72),  and  other  impurities. 

Pure  methane  is  prepared  by  slowly  running  methyl  iodide 
from  a dropping  funnel  into  a flask  containing  a zinc- 
copper  couple*  covered  with  dilute  alcohol,  to  which  a few 
drops  of  sulphuric  acid  have  been  added.  The  methyl  iodide 
is  reduced  by  the  nascent  hydrogen  formed  by  the  action 
of  the  dilute  acid  on  the  zinc-copper  couple,  and  a constant 
stream  of  methane  is  obtained  without  application  of  heat, 

CH3I  + 2H  = CH4  + HI. 

In  a similar  manner,  all  halogen  derivatives  of  marsh-gas 
(p.  171)  are  converted  into  marsh-gas  on  treatment  with 
nascent  hydrogen,  generated  from  zinc  and  hydrochloric  acid, 
from  sodium  amalgam  and  water,  or  in  any  other  suitable 
manner  (p.  93). 

Methane  is  a colourless,  tasteless  gas ; it  condenses  to  a 
liquid  at  — 11°  under  a pressure  of  180  atmospheres.  It 
burns  with  a pale-blue,  non-luminous  flame,  and  forms  a 
highly  explosive  mixture  with  certain  proportions  of  air  or 
oxygen, 

CII4  + 202  = CO,2  + 211./) 

2 vols.  + 4 vols.  = 2 vols.  + 4 vols. 

It  is  almost  insoluble  in  water,  but  rather  more  soluble  in 
alcohol.  It  is  very  stable ; when  passed  through  bromine, 
potash,  nitric  acid,  sulphuric  acid,  solution  of  potassium  per- 
manganate, and  solution  of  chromic  acid,  it  is  not  absorbed 
or  changed  in  any  way.  When  mixed  with  chlorine  in  the 
dark,  no  action  takes  place;  but  if  a mixture  of  1 vol.  of 

‘Granulated  zinc  coated  with  a thin  layer  of  copper  by  immersion  in  a 
dilute  solution  of  copper  sulphate  and  subsequent  drying. 


58 


HYDROCARBONS  OF  THE  METHANE  SERIES. 


methane  and  2 vols.  of  chlorine  be  exposed  to  direct  sunlight, 
explosion  ensues,  and  carbon  is  deposited, 

CII4  + 2C12  = C + 4HC1. 

In  diffused  sunlight  there  is  no  explosion,  but  after  some 
time  a mixture  of  hydrochloric  acid  and  four  other  compounds 
is  produced,  the  proportion  of  each  depending  on  the  quantity 
of  chlorine  present,  and  on  the  conditions  of  the  experiment. 


CH4  + Cla  = CH8Cl+HCl. 

Methyl  Chloride. 

CH4  + 3Clo  = CHCI3  + 3HC1. 

Chloroform. 


CH4  + 2C1,  = CHoCl,  + 2HC1. 

Methylene  Chloride. 

CH4  + 4C12  = CC14  + 4HC1. 

Carbon  Tetrachloride. 


All  these  compounds  are  formed  by  the  displacement  of 
one  or  more  hydrogen  atoms  by  an  equivalent  quantity 
of  chlorine.  The  carbon  atom  cannot  combine  with  more 
than  four  monad  atoms,  so  that  hydrogen  must  be  displaced 
if  any  action  at  all  take  place.  Now  it  may  be  supposed 
that  in  the  formation  of  methyl  chloride,  CH3C1,  for  example, 
one  of  the  hydrogen  atoms  is  drawn  away  from  the  carbon 
by  the  superior  attraction  of  the  chlorine,  and  that  one 
atom  of  chlorine  takes  up  the  vacant  place  in  the  molecule 
without  the  other  atoms  being  disturbed  or  their  state  of 
combination  altered  ; this  change  may  then  be  represented 
graphically  thus  : 


II  XI  H 

XP'  4-  I 

+ I 

IV  XH  Cl 


In  the  formation  of  methylene  chloride,  CII2C12,  it  may 
be  supposed  that  a repetition  of  this  process  occurs,  and 
so  also  in  the  case  of  the  other  products  ; in  other  words, 
it  may  be  assumed  that  in  all  the  above  examples  the 
action  of  the  chlorine  is  not  such  that  the  molecule  of 
marsh-gas  is  completely  broken  up  into  atoms,  which  then, 
by  combination  with  chlorine,  form  totally  new  molecules, 
but  that  ceitain  atoms  simply  change  places.  To  such  changes 
as  these,  in  which  certain  atoms  are  simply  displaced  by  an 
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equivalent  quantity  of  other  atoms,  without  the  state  of  com- 
bination of  the  rest  of  the  molecule  being  altered,  the  term 
substitution  is  applied,  and  the  compounds  formed  as  the 
result  of  the  change  are  called  substitution  products. 

The  four  compounds  mentioned  . above  are  substitution 
products  of  methane  and  of  one  another  : methyl  chloride, 
CHSC1,  is  a mono-substitution  product,  methylene  chloride, 
CH2C1„  a di-substitution  product  of  marsh-gas,  and  so  on ; 
chloroform,  CHC13,  is  a tri-substitution  product  of  methane, 
a di-substitution  product  of  methyl  chloride.  If,  by  treat- 
ment with  nascent  hydrogen  in  the  manner  described  above, 
any  of  these  substitution  products  be  reconverted  into  marsh- 
gas  or  into  one  another,  the  change  would  be  termed  inverse 
substitution. 

The  only  way  in  which  it  is  possible  to  produce  a change 
in  marsh-gas,  or  in  any  of  its  chloro-substitution  products, 
is  by  a process  of  direct  or  inverse  substitution.  The  atom  of 
carbon  already  holds  in  combination  the  maximum  number 
of  atoms,  and  some  of  them  must  be  displaced  if  any  other 
atom  enter  the  molecule.  Compounds  such  as  these,  in 
which  the  maximum  combining  capacity  of  all  the  carbon 
atoms  is  exerted,  and  which  can  only  yield  derivatives  by 
substitution,  are  termed  saturated. 

Ethane,  ethyl  hydride,  or  dimethyl,  C2H6,  like  methane 
occurs  in  the  gas  which  issues  from  the  earth  in  the  petroleum 
districts.  It  is  formed  when  methyl  chloride  or  methyl 
iodide,  CH3I,  is  treated  with  sodium, 

2CII3I  + 2Ha  = C2II0  + 2NaI ; 

this  reaction  affords  a means  of  preparing  ethane  from  its 
elements,  because  methane  can  be  formed  from  its  elements, 
as  already  described,  and  then  converted  into  methyl  chloride 
by  treatment  with  chlorine. 

Ethane  is  also  formed  when  zinc  ethyl  (p.  215)  is  decom- 
posed with  water, 

Zn(C2H5)2  + 2H,0  = 2C,1 1,  + Zn(OlI), ; 
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when  ethylene  (p.  72)  is  treated  with  nascent  hydrogen, 


C2H4  + 2H  = C2H6 ; 

and  when  methyl  iodide  is  treated  with  zinc  methyl, 


2CH3I  + Zn(CH3)2  = 2C2H6  + Znl2. 

Ethane  is  prepared  by  reducing  ethyl  iodide  with  the  zinc- 
copper  couple,  exactly  as  described  in  the  preparation  of 
pure  methane, 

C2H5I  + 2 Id  - C2Hc  + HI, 

or  by  the  electrolysis  of  dilute  acetic  acid,  or  of  a con- 
centrated aqueous  solution  of  potassium  acetate  (Kolbe). 
When  acetic  acid  is  used,  ethane  and  carbon  dioxide  are 
evolved  at  the  positive,  hydrogen  at  the  negative  pole, 


ch3-co2h 
ch3-co2h  " 

when  potassium  acetate  i 
positions  occur  : 

CH3-C02K 

ch3.co2k 

and 


C2H0  + 2C02  + H2  j 
; employed,  the  following 

C2Id6  + 2C(X,  + 2K 


decom- 


2K  + 2H20  = 2KOH  + H2, 
so  that  the  same  gases  are  evolved  as  before. 

Ethane  is  a colourless,  tasteless  gas,  which  liquefies  at 
4°  under  a pressure  of  46  atmospheres ; it  is  practically 
insoluble  in  water,  slightly  soluble  in  alcohol.  It  is  in- 
flammable, burns  with  a feebly  luminous  flame,  and  can 
be  exploded  with  air  or  oxygen. 

2C2H6  + 702  = 4C02  + 6H20 

4 vols.  + 14  vols.  = 8 vols.  + 12  vols. 

It  is  very  stable,  and  is  not  acted  on  by  alkalies,  nitric  acid, 
sulphuric  acid,  bromine,  or  oxidising  agents  at  ordinary 
temperatures.  When  mixed  with  chlorine  and  exposed  to 
diffused  sunlight,  it  gives  various  substitution  products,  1,  2, 
3,  4,  5,  or  6 atoms  of  hydrogen  being  displaced  by  an 
equivalent  quantity  of  chlorine. 
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aHg  + Cla  = C.,H5C1  + HC1 


CoH,.  + 2Clo= C.2H4C12  + 2HC1 


Ethyl  Chloride. 


Ethylene  Chloride. 


C,H,  + 6CL 


C2C16  + 6HC1. 


Perchlorethano. 


Ethane,  like  methane,  cannot  combine  directly  with  chlorine 
or  with  any  element ; it  is  a saturated  compound. 

The  constitution  of  ethane  may  be  deduced  theoretically 
in  the  following  manner : the  two  atoms  of  carbon  must  be 
directly  united,  because  hydrogen,  being  monovalent,  cannot 
link  the  two  carbon  atoms  together ; as,  moreover,  carbon  is 
tetravalent,  one  of  the  six  hydrogen  atoms  must  be  placed 
at  the  end  of  each  of  the  remaining  six  lines ; in  this  way 

H H 

I | 

the  graphic  formula  H— C— C— H is  obtained.  This  view, 

H H 

based  entirely  on  considerations  of  valency,  is  confirmed 
by  a study  of  the  methods  of  formation  and  properties  of 
ethane.  When  methyl  iodide  is  treated  with  sodium  or 
with  zinc  methyl,  the  metal  combines  with  the  halogen, 
and  a group  of  atoms,  CH  -,  is  left ; as,  however,  carbon  is 


tetravalent,  this  group  H— C— , like  the  atom  of  hydrogen 

II 

IT-,  cannot  exist  alone,  and  immediately  combines  with  a 
similar  group  forming  ethane,  CH3-CH3,  or  dimethyl,  which 
is  a saturated  compound,  because  all  the  carbon  atoms  in  the 
molecule  are  exerting  their  maximum  valency  or  combining 
capacity. 

Propane,  propyl  hydride,  or  methyl-ethyl,  C3TIg,  occurs  in 
petroleum,  and  can  be  obtained  by  reducing  propyl  iodide  or 
isopropyl  iodide  (p.  178)  with  zinc  and  hydrochloric  acid,  or 
with  the  zinc-copper  couple, 


H 


C3H7I  + 211  = C.,H3  + III. 
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It  is  also  obtained  by  treating  a mixture  of  ethyl  and  methyl 
iodides  with  sodium, 

C2H5I  + CH3I  + 2Na  = C3H8  + 2NaI, 
and  by  treating  zinc  ethyl  with  methyl  iodide, 

Zn(C2H6)2  + 2CH3I  = 2C3H8  + Znl2. 

Propane  is  a gas,  and  closely  resembles  methane  and  ethane 
in  chemical  properties.  It  condenses  to  a colourless  liquid  at 
temperatures  below  - 17°  under  ordinary  atmospheric  pressure. 
It  burns  with  a more  luminous  flame  than  ethane.  When 
treated  with  chlorine  in  diffused  sunlight,  it  yields  propyl 
chloride  and  other  substitution  products,  one  or  more  hydro- 
gen atoms  being  displaced, 


C.,HS  + Cl2  = C;jH7Cl  + HC1. 

Constitution. — Since  propane  is  produced  by  the  action  of 
sodium  on  a mixture  of  methyl  and  ethyl  iodides,  and  also 
by  the  action  of  zinc  ethyl  on  methyl  iodide,  it  is  concluded 

H 


that  propane  is  formed  by  the  combination  of  — C— II  and 
II  H H 

H-i-i- ; its  constitution  is  therefore  represented  by  the 

i Jl 

II  H H 

formula  H— C— C-C— H,  or  CHV  CHo-CH,,  and  it  may  be 

I I I 

H II  H 


regarded  as  derived  from  ethane,  just  as  ethane  may  be 
considered  as  derived  from  methane,  by  substituting  the  mono- 
valent group  of  atoms  CH,r  for  one  atom  of  hydrogen. 

Butanes,  C4IIlft. — Two  hydrocarbons  of  the  molecular 
formula  C4H10  are  known.  One  of  them,  butane,  diethyl  or 
methyl-propyl,  occurs  in  petroleum,  and  can  be  obtained  by 
treating  ethyl  iodide  with  sodium, 

2C„H5I  + 2Na  - C4II10  + 2NaI. 
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The  other,  isobutane,  or  trimethylmetliane,  is  formed  when 
tertiary  butyl  iodide  (p.  178)  is  treated  with  nascent  hydrogen, 


C4H9I  + 211  = C4II10  + HI. 

These  two  hydrocarbons  have  been  proved  to  have  the  same 
molecular  formula,  but  to  be  different  in  properties.  Although 
they  are  both  gases  under  ordinary  conditions,  butane  liquefies 
at  about  0°,  isobutane  not  until  about  - 17°  under  atmospheric 
pressure,  so  that  they  are  certainly  distinct  substances.  In 
chemical  properties  they  closely  resemble  propane  and  one 
another.  They  give  substitution  products  with  chlorine,  but 
the  compounds  obtained  from  butane  are  not  identical  with 
those  produced  from  isobutane,  although  they  have  the  same 
molecular  formula. 

Constitution  of  the  two  Butanes. — The  production  of  butane 
from  ethyl  iodide  in  the  above-mentioned  manner  indicates 

I 'that  this  hydrocarbon  is  di-ethyl.  It  is  therefore  represented 
by  the  formula 


H H H H 

H-C-i-i-i-H , or  C2H5  - C2H5,  or  CH3  • CH2  • CII2  • CH 
H H H H 


w2xi5> 
Butane. 

(■•) 


3> 


I which  not  only  brings  to  mind  the  method  of  formation  of 
' the  hydrocarbon,  but  also  indicates  its  relation  to  propane. 

| Butane,  in  fact,  may  be  regarded  as  propane  in  which  one 
atom  of  hydrogen  has  been  displaced  by  tire  monovalent 
1 CH3-  group.  When,  however,  the  graphic  formula  of 
; propane  is  carefully  considered,  it  will  be  seen  that  the  eight 
atoms  of  hydrogen  are  not  all  in  the  same  state  of  combin- 
ation relatively  to  the  rest  of  the  molecule,  but  that  two  of 
them  (a), 

(a) 

H H H 

I I I 

H— (J  C y — II , or  CH:i  - CIT.,  - CII,,  or  CH,(CH3)2 
H H II  («")  («) 


(«) 
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are  united  with  a carbon  atom  which  is  itself  combined  with 
two  carbon  atoms,  whereas  each  of  tire  other  six  atoms  of 
hydrogen  is  combined  with  a carbon  atom  which  is  united 
with  only  one  other.  If,  then,  one  of  the  (a)  hydrogen  atoms 
be  displaced  by  a CH3-  group,  the  constitution  of  the  product 
woidd  be  represented  by  the  formula 

H H H 

ii  -c — i — c- 

i h 

H— C— H 

I 

H 


-H,  or  CH3  - CH  - CH3,  or  CH(CH3)3 
CH3 

Isobutane. 

(n.) 


whereas,  if  one  of  the  other  hydrogen  atoms  were  displaced,  a 
hydrocarbon  of  the  constitution  represented  by  formula  i. 
would  be  formed.  As  in  these  two  cases  the  atoms  would 
not  all  be  in  the  same  state  of  combination,  the  properties 
of  the  compounds  represented  by  these  formulae  would  be 
different. 

It  is  next  important  to  note  that  the  above  two  are  the  only 
formulae  which  can  lie  constructed  with  four  atoms  of  carbon 
and  ten  atoms  of  hydrogen,  if  it  be  assumed  that  carbon  is 
tetravalent  and  hydrogen  monovalent.  All  formulae  sucli  as 


H 


H 

Y/H 


A 

■'Vi 


H\ 

C'  XH 

II A /H 
<A  /H 
eA  xc— h 

H 


H 


will,  on  examination,  be  found  to  be  identical  with  i.  or  n., 
as  they  express  the  same  state  of  combination.  Since,  then, 
formula  i.  represents  the  constitution  of  butane,  that  of  iso- 
butane  or  trimethylmethane  is  expressed  by  formula  ii.  This 
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(conclusion  is  confirmed  "by  a study  of  the  methods  of  formation 
iand  chemical  behaviour  of  isobutane. 

Pentanes. — Three  hydrocarbons  of  the  molecular  formula 
lC5Hio  are  known  ; two  of  them — namely  pentane  (b.p.  37°), 
uaiid  isopentane  (b.p.  30°)- — occur  in  petroleum,  and  are  colour- 
lless  mobile  liquids.  The  third,  tetramethylmethane  (b.p. 
i9-5°),  can  be  obtained  by  treating  tertiary  butyl  iodide  with 
zzinc  methyl, 

2(CH3)3CI  + Zii(CH3)2  = 2(CHs)sC-CH3  + Znl,. 

lFor  reasons  similar  to  those  stated  in  the  case  of  the  simpler 
hydrocarbons,  the  constitutions  of  the  three  pentanes  are  repre- 


ssented  by  the  formulae 

H 

H 

H-C-H 

H H H H H 

1 1 1 1 1 

IH— C— C— C— C— C— H II 

H H H L H 

1 1 1/  Ml 

H 

i 

ir 

1 

— c— c— cc 

H— C— ( 

; — c — ii 

1 1 1 1 1 

H 11  H II  II 

I 1 \r/II 

II  11  |\H 

ii 

H 

H 

H-< 

1-H 

Pmitane. 

Isopentane. 

1 

H 

Tetramethylmethane. 

IT  hey  may  all  be  regarded 

as  derived  from 

the  butanes  (pen 

tane  and  isopentane  from  normal  butane,  tetramethylmethane 
from  isobutane)  by  the  substitution  of  a CH3-  group  for  one 
atom  of  hydrogen. 

Isomerism. — Compounds,  such  as  the  two  hydrocarbons 
C4II10,  and  the  three  hydrocarbons  C5H,0,  which  have  respec- 
tively the  same  molecular  formula,  but  different  properties, 
are  said  to  be  isomeric.  The  phenomenon  is  spoken  of  as 
dsomerism,  and  the  compounds  themselves  are  called  isomers 
or  isomerides.  Isomerism  is  due  to  a difference  in  con- 
stitution or  arrangement  of  the  atoms. 

When  graphic  formulae  are  employed  to  represent  the  con- 
stitutions of  the  hydrocarbons,  it  will  be  found  possible  to 
construct  as  many  different  formulae  as  there  are  isomerides. 
j It  is  possible,  for  example,  to  construct  three  different  graphic 
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formulae  for  a substance  of  the  molecular  formula  CfiH10,  and 
three  isomerides  only  are  known ; more  could  not  be  repre- 
sented by  graphic  formulae,  assuming  always  that  carbon  is 
tetravalent.  This  agreement  between  theoretical  conclusions 
and  observed  facts  is  strong  evidence  of  the  tetravalent 
character  of  carbon. 

Ethane  may  be  regarded  as  derived  from  methane,  propane 
from  ethane,  and  the  butanes  from  the  propanes  by  substitut- 
ing the  monovalent  group  of  atoms  CH3-  for  one  atom  of 
hydrogen,  and,  theoretically,  this  process  can  be  continued 
without  limit.  If  one  hydrogen  atom  in  each  of  the  three 
pentanes  be  displaced  by  a CH3-  group,  a number  of  iso- 
meric hydrocarbons,  C6H]4,  would  be  obtained,  from  each  of 
which,  by  a repetition  of  the  same  process,  at  least  one  hydro- 
carbon, C-H1(!,  might  be  formed,  and  so  on.  It  is  evident 
then,  that,  theoretically,  a great  number  of  hydrocarbons  may 
exist,  and,  as  a matter  of  fact,  very  many  have  actually  been 
isolated  from  petroleum  (p.  70).  As  the  number  of  carbon 
atoms  in  the  molecule  increases,  the  number  of  possible 
isomerides  rapidly  becomes  larger;  7 isomerides  of  the 
molecular  formula  C-Hic,  18  of  the  formula  C8H18,  and  no 
less  than  802  of  the  formula  C13II28  could,  theoretically,  be 
formed.  In  many  cases,  all  the  possible  isomerides  have  not 
been  prepared,  but  there  can  be  little  doubt  that  they  could 
be  obtained  by  suitable  reactions. 

The  several  isomerides  are  usually  distinguished  by  the  terms 
normal  or  primary,  iso-  or  secondary , and  tertiary.  A normal  or 
primary  hydrocarbon  is  one  in  which  no  carbon  atom  is  directly 
combined  with  more  than  two  others,  as,  for  example, 


A secondary  or  iso  hydrocarbon  contains  at  least  one  carbon  atom 
directly  united  with  three  others, 


CII1-CH,CH.,CH3 


CH3-  CH„  • CH2  • CH„  • CII,  • CHs. 


Normal  Butane. 


Normal  Hexane. 


Isobutane  or  Trimetliylmetliane. 


Di-isopropyl. 
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.'A  tertiary  hydrocarbon  contains  at  least  one  carbon  atom  directly 
(■combined  with  four  others, 


CH, 


CH, 

1 

-C 


CH, 


CH, 


CH, 

.A.' 


CH,  - CH, 


CH, 

Tertiary  Pentane 
(or  Tetramethylinethano). 


CH, 


Tertiary  Hexane 
(or  Trimethylethylmothane). 


Ifn  the  case  of  iso-  and  tertiary  hydrocarbons,  it  is  convenient  to  use 
u name  which  readily  expresses  the  constitution  of  the  compound  ; 
examples  of  such  names  are  given  above  in  brackets. 

The  hydrocarbons  methane,  ethane,  propane,  etc.,  are  not 
only  all  produced  by  similar  reactions,  but  they  also  show 

1/ery  great  similarity  in  chemical  properties ; for  these  reasons 
hey  are  classed  together  as  the  paraffins,  or  hydrocarbons  of 
he  methane  series.  The  class,  or  generic  name  ‘paraffin,’  was 
Assigned  to  this  group  because  paraffin-wax  consists  principally 
i>f  the  higher  members  of  the  methane  series.  Paraffin-wax 
3 a remarkably  inert  and  stable  substance,  and  is  not  acted 
n by  strong  acids  or  alkalies ; the  name  paraffin,  from  the 
,atin  parum  ajfinis  (small  or  slight  affinity),  was  given  to  it 
[or  this  reason. 

Homologous  Series. — When  the  paraffins  are  arranged  in 
rder  of  molecular  weight,  they  form  a series,  each  member 
if  which  contains  one  atom  of  carbon  and  two  atoms  of 
ivdrogen  more  than  the  preceding  member. 


Methane, 

Ethane, 

Propane, 

Butane, 

Pentane, 


GIT 


C,H6 

c3h8 

c4h10 


■i  \ difference  CH, 
CH, 
M CH2 

m CH0. 


C5H12  \ 

The  members  of  this  series  are  similar  in  constitution  and 
chemical  properties ; but,  as  the  molecular  weight  increases, 
ie  physical  properties  undergo  a gradual  and  regular 
iriation.  Such  a series  is  termed  homologous,  and  the 
veral  members  are  spoken  of  as  homologues  of  one  another ; 
ere  are  many  homologous  series  of  organic  compounds. 
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General  Formulae. — The  molecular  composition  of  all  the 
members  of  a homologous  series  can  be  expressed  by  a general 
formula.  In  the  case  of  the  paraffin  series  the  general  formula 
is  CUH2„  + 2,  which  means,  that  in  any  member  containing  n 
atoms  of  carbon  in  the  molecule,  there  are  2 n + 2 atoms  of 
hydrogen ; in  propane,  C3H8,  for  example,  n = 3 ; 2w  4-  2 = 8. 
That  this  is  so  can  be  readily  seen  by  writing  the  graphic 
formulae  of  some  of  the  paraffins  in  the  following  manner  : 

H H H H H H 

H C H H CO H H C-C-C— H 

H H H H H H 

when  it  is  at  once  obvious  that  for  every  atom  of  carbon  there 
are  two  atoms  of  hydrogen,  the  molecule  containing,  in  addi- 
tion, two  extra  hydrogen  atoms. 

Since  the  members  of  a homologous  series  can,  as  a rule,  be 
obtained  by  similar  or  general  methods,  if  these  be  given  it  is 
usually  unnecessary  to  describe  the  preparation  of  each 
member  separately.  In  view,  also,  of  the  great  similarity  in 
chemical  properties,  a detailed  account  of  each  compound  may 
be  omitted  if  the  general  properties  of  the  members  of  the 
series  be  described ; the  physical  properties  may  also  be 
treated  in  a general  manner,  since  they  undergo  a regular  and 
gradual  variation  as  the  molecular  weight  increases. 

The  following  is  a summary  of  the  principal  facts  relating 
to  the  paraffins  treated  in  this  way  ; it  will  be  found  advan- 
tageous to  omit  this  and  other  summaries  until  some  know- 

O 

ledge  of  other  series  has  been  acquired. 


SUMMARY  AND  EXTENSION. 

The  Paraffin  or  Methane  Series.— Saturated  hydrocarbons  of 
the  general  formula  C^Hsn+a.  The  more  important  members  of 
the  series  are  the  following,  the  number  of  possible  isomers  being 
indicated  by  the  figures  in  brackets  : 

Methane  (1),  CH,  Hexane  (5),  C„HU 

Ethane  (1),  CL.H(i  Heptane  (9),  C;H,„ 

Propane  (1),  C:tHs  Octane  (18),  C„H1h 

Butane  (2),  C4H]n  Nonane  (35),  C9Ha, 

Pentane  (3),  06H,„  Decane  (75), 
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Nomenclature. — The  names  of  all  the  hydrocarbons  of  this  series 
hliave  the  distinctive  termination  ane,  those  of  the  higher  members 
hhaving  prefixes  which  denote  the  number  of  carbon  atoms  in  the 
nmolecule. 

Occurrence. — The  paraffins  are  found  in  nature  in  enormous 
.Quantities  as  petroleum  or  mineral  naphtha,  in  smaller  quantities  as 
matural  gas,  and  as  earth-wax,  or  ozokerite. 

Methods  of  Preparation. — (1)  By  the  dry  distillation  of  an  alkali 
■salt  of  a fatty  acid  (p.  142)  with  potash,  soda,  or  soda-lime, 

CH;fCOONa  + NaOH  = C'H4  + Na,('0:! 

C3H7COOK  + KOH  = C3HS  + K2C03. 

(2)  By  the  action  of  nascent  hydrogen  on  the  alkyl*  halogen 
i ompounds, 

CH3C1  + 2H  = CH4  + HC1 
C2H5I  + 2H  = CoH(i  + HI. 


(3)  By  the  action  of  sodium  or  zinc  on  the  alkyl  halogen  com- 
ounds (Frankland), 

2C..HJ  + 2Na  = C2H5  -C„H0  + 2NaI 
2CH3I  + 2Na  = CH3CH3  + 2Nal. 


(4)  By  decomposing  the  zinc  alkyl  compounds  (p.  215)  with  water, 

Zn(CH3)2  + 2II..0  = 2CH4  + Zn(OH)a 
Zn(C3H7)2  + 2 HoO  = 2C3HS  + Zn(OH).,. 

(5)  By  the  action  of  the  alkyl  halogen  compounds  on  the  zinc 
kyl  derivatives, 

2CH..I  + Zn(CH.,)2  = 2CH3-CH3  + Znl2 
2CH3I  + Zn(C2H5)2  = 2CH:)-C2H,  + Znl2. 


Tertiary  hydrocarbons,  such  as  tetramethylmethane,  may  be 
unilarly  prepared  by  acting  with  the  zinc  alkyl  compounds  on 
rtain  dihalogen  derivatives  of  the  paraffins  (p.  139), 

;:[!;<>cci2  + zn(cH3)2 = gtJj>c<cK;;  + ZnC'2- 


(6)  By  the  electrolysis  of  aqueous  solutions  of  the  sodium  or 
tassimn  salts  of  the  fatty  acids, 

2CH.J.COOK  + 2H.,0  = CH3-CH3  + 2KHCOa  + H2. 

17)  By  the  destructive  distillation  of  coal,  cannel,  turf,  shale,  and 
ler  products  of  vegetable  origin. 

Physical  Properties. — The  first  four  members  of  the  series  are 
ourless  gases  under  ordinary  conditions,  but  on  the  application 
j pressure  at  a low  temperature  they  condense  to  liquids,  and  the 


The  meaning  of  the  word  alkyl  is  given  on  p.  115. 
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more  readily  the  greater  the  number  of  carbon  atoms  in  the 
molecule.  Methane  liquefies  at  - 11°  under  a pressure  of  180 
atmospheres,  ethane  at  4°  under  46  atmospheres,  butane  at  0°  under 
ordinary  atmospheric  pressure.  The  hydrocarbons  containing  from 
4 to  about  16  atoms  of  carbon  are  colourless  liquids  under  ordinary 
conditions,  the  boiling-point  rising  as  the  series  is  ascended. 
Normal  pentane  boils  at  37°,  normal  hexane  at  69°,  and  normal 
heptane  at  98°,  the  difference  between  the  boiling-points  of  con- 
secutive normal  hydrocarbons  being  about  30°.  The  higher 
members  of  the  series,  from  about  CMH34  (m.p.  18°),  are  colourless 
solids,  the  melting-point  rising  with  increasing  molecular  weight. 

The  specific  gravity  of  the  hydrocarbons  from  butane,  C4H10,  to 
octane,  C8H18,  varies  from  0-600  to  about  0-718 ; from  octane 
upwards  the  sp.  gr.  increases  until  the  solid  hydrocarbons  are 
reached,  when  it  becomes  almost  constant  at  0-775  - 0-780,  this 
value  being  determined  at  the  melting-point. 

The  paraffins  are  insoluble,  or  nearly  so,  in  water,  but  soluble  in 
alcohol,  ether,  and  other  organic  liquids. 

Chemical  Properties. — The  paraffins  are  all  characterised  by 
great  stability.  At  ordinary  temperatures  they  are  not  acted  on  by 
nitric  acid,  fuming  sulphuric  acid,  alkalies,  or  such  powerful  oxidising 
agents  as  chromic  acid  and  potassium  permanganate,  and  even  at 
higher  temperatures  only  a very  slow  action  occurs.  They  are, 
however,  attacked  by  chlorine  and,  less  readily,  by  bromine  in 
sunlight  with  formation  of  substitution  products.  Iodine  has  no 
action  on  the  paraffins. 

The  paraffins  are  saturated  compounds,  and  cannot  combine 
directly  with  any  element. 

Paraffins  of  Commercial  Importance. — In  Pennsylvania,  North 
America,  in  Baku,  South-east  Russia,  and  in  other  parts  of  the 
world,  a gas  escapes  from  the  earth  under  considerable  pressure. 
This  natural  gas  is  variable  in  composition,  but  usually  contains  a 
large  proportion  of  methane  and  hydrogen,  small  quantities  of 
other  gaseous  paraffins,  and  other  hydrocarbons.  It  is  employed  as 
a fuel  at  Pittsburgh  in  Pennsylvania  for  a variety  of  industrial 
purposes. 

In  the  localities  already  mentioned,  enormous  quantities  of 
petroleum  or  mineral  naphtha  are  also  obtained,  either  from 
natural  springs  or  from  artificial  borings.  The  origin  of  natural  gas 
and  petroleum  is  unknown,  but  it  is  supposed  that  they  arc 
produced  by  the  destructive  distillation  in  the  lower  layers  of  the 
earth’s  crust  of  the  fatty  remains  of  (sea)  animals. 

Crude  petroleum  is  specifically  lighter  than  water,  and  varies 
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greatly  in  consistency  and  colour,  being  generally  a thick  yellow  or 
brown  liquid  with  a greenish  colour  when  viewed  by  reflected  light. 
It  consists  almost  entirely  of  a mixture  of  hydrocarbons,  that 
i obtained  from  Pennsylvania  being  composed  chiefly  of  paraffins, 
that  from  Baku  of  hydrocarbons  belonging  to  a different  (naphthene) 
: series. 

Petroleum  is  not  only,  next  to  coal-gas,  one  of  the  most  important 
illuminating  agents  of  the  present  day,  but  is  also  the  source  of  a 
number  of  substances  of  considerable  commercial  value.  The  crude 
t oil  is  not  directly  employed  for  illuminating  purposes,  owing  partly 
i to  the  fact  that  it  contains  very  volatile  hydrocarbons  which  render 
it  too  inflammable.  In  order  to  obtain  the  various  substances 
in  a condition  suitable  to  the  purposes  for  which  they  are  required, 
the  crude  oil  is  distilled  from  large  iron  vessels  and  the  distillate 
b collected  in  fractions.  American  petroleum,  treated  in  this  way, 
yields:  Petroleum  ether  (b.p.  40-70°),  gasoline  (b.p.  70-90°),  and 
ligroin  or  light  petroleum  (b.p.  80-120°),  colourless  mobile  liquids 
used  as  solvents  for  resins,  oils,  caoutchouc,  Ac. ; cleaning  oil  (b.p. 
120-170°),  employed  for  cleaning  purposes,  and  as  a substitute  for 

■ oil  of  turpentine  in  the  preparation  of  varnishes  ; refined  petroleum, 
kerosene,  or  burning  oil  (b.p.  150-300°),  used  for  illuminating  pur- 
poses ; the  portions  collected  above  300°  are  employed  as  lubricating 

1 oils.  The  residue  consists  of  heavy  lubricating  oils,  vaseline,  and 
tarry  matter.  Russian  petroleum  also  yields  a variety  of  products, 
such  as  benzine,  kerosene,  Vulcan  oil,  vaseline,  and  tarry  matter, 
which,  though  slightly  different  in  composition,  are  similar  in  pro- 
) perties  and  uses  to  those  obtained  from  American  oil. 

Ordinary  paraffin-wax  is  obtained  from  the  tar  which  is  produced 
by  the  destructive  distillation  of  cannel-coal  or  shale.  When  this 
' tar  is  fractionally  distilled,  it  yields  several  liquid  products  similar 
I to  those  obtained  from  petroleum — such  as  photogene  and  solar  oil, 
i which  are  used  as  solvents  and  for  illuminating  purposes — and  solid 
| paraffins,  or  paraffin-wax,  which  is  purified  by  treatment  with  con- 
! centrated  sulphuric  acid  and  redistillation.  Paraffin-wax  is  a 

■ colourless,  semi-crystalline,  waxy  substance,  soluble  in  ether,  Ac., 

1 but  insoluble  in  water  ; its  melting-point  ranges  from  about  45-65°, 
j according  to  its  composition  ; its  principal  use  is  for  the  preparation 
I of  candles  (p.  170). 

Ozokerite  is  a naturally  occurring  solid  paraffin  or  earth-wax 
i'  which  is  found  in  Galicia  and  Roumania ; it  is  purified  by  treat- 
I meut  with  concentrated  sulphuric  acid  and  distillation. 
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CHAPTER  V. 

UNSATURATED  HYDROCARBONS 

THE  OLEFINES,  OR  HYDROCARBONS  OF  THE  ETHYLENE  SERIES. 

When  the  halogen  mono-substitution  products  of  the 
paraffins,  such  as  ethyl  bromide  (p.  17G),  propyl  chloride,  &c., 
are  heated  with  an  alcoholic  solution  of  potash,  they  are  con- 
verted into  hydrocarbons, 

C2H6Br  + KOH  = C,H4  + KBr  + H.,0 
C3H7C1  + KOH  = C3H6  + KC1  + H,0. 

The  compounds  obtained  in  this  way,  and  by  other  methods 
to  be  described  later,  contain  two  atoms  of  hydrogen  less 
than  the  corresponding  paraffins,  and  form  a homologous 
series  of  the  general  formula  CmH.,ft ; their  names  are  derived 
from  those  of  the  corresponding  paraffins  by  changing  the 
termination  ane  into  ylcne, 

Methane,  CII4 ; Ethane,  CoH„ ; Propane,  C3H8;  Butane,  C4H10. 

Ethylene,  CoII4 ; Propylene,  C3HU ; Butylene,  C4H8. 

The  simplest  member  of  the  series  is  ethylene ; the  hydro- 
carbon CH2  (methylene),  which  would  correspond  with 
methane,  is  unknown,  and  all  attempts  to  prepare  it  have 
been  unsuccessful. 

The  word  ‘ olefine  ’ is  derived  from  ‘ olefiant  ’ or  * oil- 
making’ gas,  a name  originally  given  to  ethylene  on  account 
of  its  property  of  forming  an  oily  liquid  (ethylene  dichloride 
or  Hutch  liquid)  with  chlorine ; the  generic  or  class  name 
4 olefine  ’ is  now  applied  to  all  the  hydrocarbons  of  the 
series. 

Ethylene,  ethene,  or  olefiant  gas,  C2H4,  is  formed  during  the 
destructive  distillation  of  many  organic  substances,  and  occurs 
in  coal-gas,  of  which  it  forms  about  G per  cent,  by  volume ; 
the  luminosity  of  the  burning  gas  is  to  a great  extent  due  to 
ethylene. 
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It  is  formed  when  acetylene  (p.  81)  is  reduced  with  zinc 
dust  and  ammonia, 

C,II,  + 2H  = C2H4, 

and  when  methylene  iodide  is  heated  with  copper, 

2CH,I2  + 4Cu  = C2II4  + 2Cu2I2, 

a reaction  which  is  very  similar  to  the  formation  of  ethane  by 
ithe  action  of  sodium  on  methyl  iodide  (p.  59);  also  when 
• ethyl  bromide  is  heated  with  alcoholic  potash, 

C2H5Br  + KOH  = C2H4  + KBr  + H.,0, 

and  when  a solution  of  potassium  succinate  (p.  235)  is  sub- 
imitted  to  electrolysis, 

C21I4(C00K)2  = C2H4  + 2COa  + 2K. 

j lln  the  latter  case,  a mixture  of  ethylene  and  carbon  dioxide 

1i  is  obtained  at  the  positive  pole,  the  alkali  metal  which  separ- 
ates at  the  negative  pole  acting  on  the  water  with  liberation 
of  hydrogen.  This  interesting  method  of  formation  of 
-ethylene  is  similar  to  the  production  of  ethane  by  the 
electrolysis  of  potassium  acetate  (p.  60). 

Ethylene  is  prepared  by  heating  a mixture  of  1 vol.  of  ethyl 
lalcohol  and  6 vols.  of  concentrated  sulphuric  acid  in  a capa- 
cious flask  (fig.  16),  the  gas  thus  produced  being  passed 
through  wash-bottles  containing  potash,  to  free  it  from  sulphur 
dioxide  and  carbon  dioxide,  and  then  collected  over  water; 
'when  the  evolution  of  gas  slackens,  a further  supply  may  be 
obtained  by  dropping  a mixture  of  1 vol.  of  alcohol  and  2 
vols.  of  sulphuric  acid  through  the  funnel.  The  reaction  may 
be  expressed  by  the  equation 

CjH5.OH  = C2II4  + H.,0, 

' but  in  reality  it  is  not  quite  so  simple  (p.  183). 

Ethylene  is  a colourless  gas,  has  a peculiar  sweet  but  not 
unpleasant  smell,  and  liquefies  at  10°  under  a pressure  of 
60  atmospheres  ; it  is  only  sparingly  soluble  in  water,  more 
readily  in  alcohol  and  ether.  It  burns  with  a luminous 


Fig.  16. 

temperatures  (in  presence  of  spongy  platinum  at  ordinary 
temperatures)  forming  ethane, 

c,ir,  + H,  = C2H0. 

Although  it  is  not  acted  on  by  hydrochloric  acid,  it  combines 
directly  with  concentrated  hydrobromic  and  hydriodic  acids 
at  100°,  forming  ethyl  bromide  and  ethyl  iodide  respec- 
tively, 

C2H4  + HBr  = C2H5Br  C2H4  + HI  = C2H5I. 

It  is  absorbed  by,  and  combines  with,  fuming  sulphuric  acid, 
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flame,  and  forms  a highly  explosive  mixture  with  air  or 
oxygen, 

C2H4  + 30.,  = 2C02  + 2H.,0 
2 vols.  + 6 vols.  = 4 vols.  + 4 vols. 

Its  chemical  behaviour  is  totally  different  from  that  of  the 
paraffins.  It  combines  directly  with  hydrogen  at  high 
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and,  more  slowly,  with  ordinary  sulphuric  acid,  yielding 
ethyl  hydrogen  sulphate  (p.  182),  from  which  ethyl  alcohol  is 
produced  on  boiling  with  water, 

C,H4  + H.,S04  = C„H5-HS04 
CoH5-HS04  + h2o'=  C2H6-OH  + H2S04. 

It  combines  directly  with  chlorine  and  bromine,  and  also 
with  iodine  in  alcoholic  solution, 

C21I4  + X2  = C21I4X2  (X  = Cl.Br.I). 

Constitution  of  Ethylene. — Ethylene  is  formed  when  ethyl 
bromide,  a mono-substitution  product  of  ethane,  is  heated  with 
alcoholic  potash,  which  simply  takes  away  one  atom  of  hydrogen 
and  one  atom  of  bromine  (C2II5Br  = C2H4  + HBr)  ; since,  there- 
fore, the  constitution  of  ethyl  bromide  is  represented  by  the 
formula 

H H H H 

I J («)  1 ! 

H— C— C— H,  that  of  ethylene  would  be  H— C— C (i.), 
(/>)  |l  J 

H 13r  H 

assuming  that  one  of  the  (a)  hydrogen  atoms  were  taken  away, 
H H 

H— C— C— H (n.)  if  one  of  the  (b)  hydrogen  atoms  were 
removed. 

But  if  ethylene  have  the  constitution  (i.),  ethylene  di- 
bromide C„H4Br2  (p.  78),  the  compound  formed  by  the  divert 
combination  of  ethylene  with  bromine,  must  be  represented  by 

H H 

| I 

the  formula  (hi.),  H — C — C — Hr,  because,  from  the  behaviour 

i i 
H Br 

of  the  paraffins,  it  is  known  that  the  carbon  atom  in  the  CII3- 
group  cannot  combine  with  bromine  except  by  substitution. 
As,  however,  a substance  C„II,Br„  (ethylidene  dibromide, 
p.  78),  whose  constitution  must  be  represented  by  the  formula 
(hi.),  is  known,  and  is  not  identical  with  ethylene  dibromide, 
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the  latter  cannot  have  the  same  constitution,  but  must  be 

H H 

represented  by  the  only  alternative  formula  H— C— C— H. 

I I 

Br  Br 

This  being  the  case,  the  constitution  of  ethylene  might 
be  expressed  by  formula  (11.).  But  such  a formula  does 
not  indicate  that  carbon  is  tetravalent,  nor  does  it  recall  the 
fact  that  ethylene  combines  directly  with  Cl2,  Br„,  HBr,  &c. 
These  deficiencies  might  be  remedied  by  writing  ethylene 
H H 

H— C — C — H to  show  that  the  carbon  atoms  are  tetravalent, 

I I 

but  that  their  combining  capacity  is  not  fully  exercised  ; this 
formula  would  express  the  fact  that  eacli  of  the  carbon  atoms 
has  still  the  power  of  combining  with  one  monad  atom  or 
group.  It  is  usual,  however,  to  represent  the  constitution  of 

H H 

ethylene  by  the  formula  H— C = C— If  or  CH2  = CH.,or  CJI.,:CH„ 
the  two  carbon  atoms  being  joined  by  two  lines,  bonds,  or 
linkings ; this  formula  is  not  quite  the  same  as  that  just  given, 
because  it  indicates  that  the  particular  portion  of  the  com- 
bining power  of  each  of  the  carbon  atoms,  which  before  was 
represented  as  doing  nothing,  or  free,  is  in  some  way  exerted 
in  ‘ satisfying,’  or  combining  with,  the  other  carbon  atom. 

There  are  at  least  two  very  good  reasons  for  writing  the 
formula  in  this  way  and  not  with  unoccupied  lines,  or  free 
bonds;  firstly,  because  it  has  been  found  impossible  to 

II  H 

prepare  hydrocarbons  such  as  H— C— , — C— , or  — C — II,  a fact 

III 

H H 

which  indicates  that  no  carbon  compound,  in  which  the 
maximum  combining  capacity  of  the  carbon  atom  or  atoms  is 
not  exerted  in  some  way,  can  exist ; secondly,  because  when- 
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ever  a compound  contains  one  carbon  atom  which  is  not 
combined  with  the  maximum  quantity  of  four  monad  atoms 
or  their  valency  equivalent,  the  carbon  atom  directly  united 
with  it  is  in  the  same  1 unsatisfied  ’ condition.  One  has 
never  been  found  to  exist  without  the  other,  and  so  it  is 
assumed  that  they  have  some  action  on  one  another. 


The  above  view  of  the  constitution  of  ethylene  receives  support 
from  the  formation  of  the  gas  by  the  electrolysis  of  succinic  acid, 
as  is  clearly  seen  if  the  decomposition  be  represented  thus  : 

CH,COOH  CH,-  CO,  Id-  CH,  TT 

+ + = II  + 2CO.,  + | ; 

CHo-COOH  CH,-  CO,  H-  CH,  H 

again,  the  formation  of  ethylene  by  the  action  of  copper  on 
methylene  iodide  can  only  he  explained  on  the  assumption  that 
ethylene  has  this  constitution, 


CH, 

CH, 


CH., 

II  + 2Cu.,I... 
CH, 


All  organic  compounds,  which,  like  ethylene,  contain 
carbon  atoms  having  the  power  of  combining  directly  with 
other  atoms  or  groups,  are  said  to  be  unsaturated.  In 
the  graphic  formulae  of  all  such  substances,  these  particular 
carbon  atoms  are  represented  as  joined  by  a double  bond  or 
double  linking.  When  an  unsaturated  compound  enters 
into  direct  combination,  the  double  bond  is  said  to  be  broken, 
and  the  two  carbon  atoms,  which  before  were  written  with 
two  lines  between  them,  are  now  joined  by  only  one ; the 
combination  of  ethylene  with  bromine,  for  example,  is 
expressed  graphically, 

H II  If  II 

I I II 

C - C + Br— Br  = Br— C— C— Br, 

II  II 

H H II  Tf 

to  show  that  ethylene  dibromide,  like  the  paraffins,  is  a 
saturated  substance,  and  cannot  combine  except  by  sub- 
stitution. 

The  substances  formed  by  the  direct  union  of  unsatiuated 
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compounds  with  atoms  or  groups  of  atoms  aro  called  additive 
products,  in  contradistinction  to  substitution  products.  Un- 
saturated compounds  always  combine  with  2,  4,  6,  &c. 
monovalent  atoms  or  groups,  because  they  always  contain 
an  even  number  of  unsaturated  carbon  atoms. 

Derivatives  of  Ethylene. — Ellujl.ene  dichloride , C2H4C12,  or 
CH2C1-CH2C1,  was  originally  called  Dutch  liquid,  or  oil  of 
Dutch  chemists,  by  whom  it  was  discovered.  It  is  obtained 
by  the  direct  combination  of  ethylene  and  chlorine,  and  is 
a colourless  liquid  of  sp.  gr.  1-28  at  0°,  boiling  at  85°. 
It  is  isomeric  with  ethylidene  chloride,  CH.,-CIIC1.,  (p.  139). 
Ethylene  dibromide,  C,IT4Br2,  or  CH0Br-CHoBr,  is  prepared  by 
passing  ethylene  into  bromine  until  the  colour  of  the  latter 
disappears ; the  product  is  purified  by  fractional  distillation. 
It  is  a colourless  crystalline  substance,  melts  at  9-5°,  and  boils 
at  131°;  its  sp.  gr.  is  2-21  at  0°.  It  is  isomeric  with 
ethylidene  bromide,  CII.-CHBr.,. 

Substitution  products  of  ethylene,  such  as  chlorethylene  or 
vinyl  chloride , CH2:CHC1,  bromethylene  or  vinyl  bromide , 
CH,,:CIIBr,  cannot  be  obtained  by  treating  ethylene  with 
a halogen,  because  additive  products  are  produced  in  this 
way.  They  are  prepared  by  heating  the  halogen  additive 
products  of  ethylene  with  alcoholic  potash, 

CH2Br-CH2Br  + KOII  = CH2:CHBr  + KBr  + H,0. 

Vinyl  chloride  is  a gas,  vinyl  bromide  a colourless  liquid, 
boiling  at  1 6° ; they  are  unsaturated  compounds,  and  combine 
directly  with  Br.„  HBr,  &c. 

Propylene  or  methyl-ethylene,  C3TT6,  or  CH3-CH:CK.„  is 
formed  by  the  dehydrating  action  of  phosphorus  pentoxide  on 
propyl  alcohol  (p.  104), 

CH3.CH2-CH2-OTI  = CH3-CH:CH2  + TIoO. 

It  is  prepared  by  boiling  either  propyl  or  isopropyl  bromide 
with  alcoholic  potash, 


Propyl  bromide,  OH3-CII.>-CH.,Br 
Isopropyl  bromide,  CH3-CHBr-GII3 


CHj-CH  :CIL,  + HBr. 
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lit  is  a gas  very  similar  to  ethylene  in  properties  ; it  liquefies 
nat  ordinary  temperatures  under  a pressure  of  7-8  atmospheres, 
land  being  an  unsaturated  compound,  combines  readily  with 
Vbromine,  forming  propylene  dibromicle , CH3-CHBr-CH2Br, 
,ian  oily  liquid  boiling  at  141°. 

The  higher  members  of  the  olefine  series  are  obtained  by 
rmethods  similar  to  those  employed  in  the  case  of  propylene. 
IThree  isomeric  butylenes  of  the  molecular  formula  C4HS  are 
'known,  namely, 

(CH3-CH3.cn : CH2  CHs-  CH : CH -CH3 

Normal  or  a-bntylene.  /3-Butylene. 


CHf 

CHs" 


'C:CII„. 


Iso-  or  y-butylene. 


TThey  are  all  colourless  gases,  and  combine  directly  with 
chlorine,  bromine,  hydrobromic  acid,  &c. 

Five  isomeric  amylenes  or  pentylenes,  C5H10,  are  known, 
the  most  important  being  trimetliylethylene  or  [i-  wo-amylene, 


CII3 

CHs 


;C:CH-CHS,  which  is  obtained  by  treating  fusel  oil 


(pp.  99,  104-5)  with  zinc  chloride;  it  is  a colourless  liquid, 
land  boils  at  32°. 


SUMMARY  AND  EXTENSION. 


The  Olefine  or  Ethylene  Series. — Unsaturated  hydrocarbons 
loaf  the  general  formula  CnH2n>.  The  following  are  the  more 
j important  members  of  this  series,  the  number  of  possible  isomerides 
I oeing  given  in  brackets  : 

Ethylene  (1),  C,H4  Amylene  (5),  C5H10 

Propylene  (1),  C:1H,j  Hexylene  (13),  C6Hia. 

Butylene  (3),  C4H8 

Methods  of  Preparation. — By  the  action  of  dehydrating  agents, 
■such  as  H2804,  ZnCl2,  P,05,  <&c.,  on  the  alcohols  (p.  88), 
CH.jCH.jOH  ==  CII,:CH.j  + HaO. 

By  the  action  of  alcoholic  potash  on  the  alkyl  halogen  compounds 
I P-  HI), 

CH,-CH2Br  + KOH  = CH„:CH.,  + KBr  + II20 
CHjj-CHBr-CH.,  + KOH  = CH.,-CH  :CHa  4-  KBr  + 1UO. 

By  the  electrolysis  of  certain  dibasic  acids  (p.  229),  or,  better,  of 
-heir  potassium  salts. 
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CH,COOH  CH„ 

| = II  ' + 2CO.,  + H„. 

CH.-COOH  CH2 

Physical  Properties. — The  first  four  members  of  the  series  are 
gases;  the  following  fourteen  or  so,  liquids ; the  higher  members, 
solids  at  ordinary  temperatures  : the  boiling-point  and  the  melting- 
point  rise  on  passing  up  the  series,  as  in  the  case  of  the  paraffins. 
They  are  insoluble,  or  nearly  so,  in  water,  but  more  readily  soluble 
in  alcohol. 

Chemical  Properties. — The  olefines  burn  with  a luminous  smoky 
flame,  and  can  be  exploded  with  oxygen  or  air.  They  are  unsatu- 
rated hydrocarbons,  and  differ  very  considerably  in  chemical  pro- 
perties from  the  saturated  hydrocarbons  of  the  paraffin  series ; 
whereas  the  latter  are  either  not  acted  on,  or  form  substitution 
products  when  treated  with  CL,  Br2,  II Cl,  HBr,  TICK),  H2S04,  &c., 
the  olefines,  as  a rule,  readily  enter  into  direct  combination  with 
all  these  substances,  forming  saturated  additive  products. 

The  olefines  are  converted  into  paraffins  on  treatment  with 
nascent  hydrogen, 

+ 2H  = C»HM  + a. 

They  combine  with  chlorine  and  bromine,  sometimes  with  iodine, 
forming  saturated  compounds  which  may  be  regarded  as  di-sub- 
stitution products  of  the  paraffins, 

CH3-CH  : CH.,  + CL  = CHj-CHCl-CHgCl. 

They  combine  with  hydrobromic  and  hydriodic  acids,  but  not,  as  a 
rule,  with  hydrochloric  acid,  yielding  alkyl  halogen  compounds, 

CHa  :CH.,+  HBr  = C..HsBr  CHS-CH  :CH„  + HI  = CH,-CHI-CII3, 
combination  generally  taking  place  in  such  a manner  that  the 
halogen  atom  unites  with  that  carbon  atom  which  is  combined  with 
the  smallest  number  of  hydrogen  atoms ; propylene,  for  example, 
yields  with  hydrobromic  acid  isopropyl  bromide,  CH3-CHBr-CH3, 
and  not  propyl  bromide,  CH3-CH2-CH2Br;  normal  butylene, 
CH3CH2-CH:CH.,,  with  hydriodic  acid,  gives  secondary  butyl 
iodide,  CH3-CH2  CIII  CH3,  and  so  on. 

Fuming  sulphuric  acid,  in  some  cases  ordinary  sulphuric  acid, 
readily  absorbs  the  olefines,  forming  alkyl  hydrogen  sulphates, 

CH2:CH2  + H2S04  - C„H5.HS04. 

Ilypochlorous  acid,  in  aqueous  solution,  converts  the  olefines  into 
chlorohydrins  (p.  222), 

CH.,:CH,,  + HOC1  = CH.,CbCHo-OH. 

Unlike  the  paraffins,  the  olefines  are  readily  oxidised  by  chromic 
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iacid  and  potassium  permanganate.  When  oxidation  is  carried  out 
■ carefully  under  suitable  conditions,  products  containing  the  same 
number  of  carbon  atoms  as  the  original  olefine  are  obtained ; 
sthylene,  for  example,  giving  ethylene  glycol  (p.  219) ; butylene, 

! i he  corresponding  butylene  glycol, 

CH,:CH.,  + 0 + H.,0  = CH.,(OH)CH,OH 
CH3CHa-CH:CH.,  + 0 + H.,0  = CH3-CH3-CH(OH)-CH,-OH. 

Generally  speaking,  when  a substance  contains  the  group 
— CH  = CH — , this  group,  on  oxidation,  is  in  the  first  place  converted 
into  the  group  — CH(OH)-C'H(OH) — . The  compounds  thus  formed 
readily  undergo  further  oxidation  in  such  a way  that  the  originally 
i unsaturated  carbon  atoms  are  forced  asunder.  Propylene,  on  vigor- 
ii us  oxidation,  yields  acetic  and  formic  acids;  a-lratylene  gives 
propionic  and  formic  acids, 

CH3CH:CH,  + 40  = CH3.COOH  + H-COOH 
CH3-CHoCH:CH2  + 20a  = CH3CH„-COOH  + H-COOH. 

HYDROCARBONS  OF  THE  ACETYLENE  SERIES. 

The  relation  between  the  hydrocarbons  of  the  acetylene 
eries  and  those  of  the  olefine  series  is  the  same  as  that 
•tetween  the  olefines  and  the  paraffins ; in  other  words,  the 
nembers  of  the  acetylene  series  contain  two  atoms  of  hydrogen 
ass  than  the  corresponding  olefines,  and  the  general  formula 
f the  series  is  CnH.2,l  _ 2. 

Paraffins,  CnH2w  + 2 Olefines , C?lH2ll  Acetylenes , CMH2„  _ 2 

Methane,  CH4  

Ethane,  C„H0  Ethylene,  C.,H4  Acetylene,  C.,H., 

Propane,  C..1IS  Propylene,  C.,ll6  Allylene,  C.tH4 

Acetylene,  C2H,„  the  simplest  member  of  the  series,  occurs 
1 small  quantities  (about  0-06  per  cent,  by  vol.)  in  coal-gas. 

, is  produced  during  the  incomplete  combustion  of  methane, 
•hyl  alcohol,  coal-gas,  and  other  substances ; also  when  the 
ipour  of  such  substances  is  passed  through  a red-hot  tube. 

■ is  formed  when  hydrogen  is  led  through  a globe  in  which 
ie  electric  arc  is  passing  between  carbon  poles, 

C2  + H2  = C,H., 

his  synthesis  of  acetylene  from  its  elements  is  of  great 
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interest,  because  ethylene  can  be  produced  from  acetylene  by 
the  action  of  nascent  hydrogen,  and  ethylene  is  readily 
converted  into  ethyl  alcohol  by  treating  with  sulphuric  acid 
and  water  consecutively  (p.  75).  As,  moreover,  a large 
number  of  organic  substances  can  be  produced  from  ethyl 
alcohol,  it  is  possible  to  prepare  all  these  compounds,  starting 
with  carbon  and  hydrogen. 

Acetylene  is  also  produced  by  the  electrolysis  of  a solution 
of  the  potassium  salt  of  fumaric  or  maleic  acid  (p.  241), 
hydrogen  being  evolved  at  the  negative  pole  (as  the  result  of 
the  action  of  the  liberated  potassium  on  the  water)  a mixture 
of  acetylene  and  carbon  dioxide  at  the  positive  pole, 

C,H2(COOK)2  = C,H2  + 2CO,  + 2K. 

Acetylene  is  prepared  by  heating  ethylene  dibromide  with 
excess  of  alcoholic  potash, 

C2H4Br2  + 2KOH  = C.,H2  + 2KBr  + 211,0. 

In  the  first  place,  the  potash  takes  away  one  molecule  of 
hydrogen  bromide  (C0H4Br2  + KOH  = C2H3Br  + KBr  + H20), 
and  the  vinyl  bromide  thus  produced  is  then  further  acted  on 
(C0H3Br  4- KOII  = C2H0  + KBr  + H,0).  A more  convenient 
method  of  preparation  is  to  burn  coal-gas  with  a supply  of 
oxygen  insufficient  for  complete  combustion,  the  products 
being  aspirated  through  an  ammoniacal  solution  of  cuprous 
chloride,  when  the  red  copper  derivative  of  acetylene  is 
precipitated.  When  this  compound  is  decomposed  with 
hydrochloric  acid,  acetylene  is  evolved. 

Acetylene  is  a colourless  gas,  which  liquefies  at  1°  under  a 
pressure  of  48  atmospheres.  It  has  a characteristic  smell, 
resembling  that  of  garlic,  and  quite  different  from  that  which 
is  noticed  when  a Bunsen  is  burning  below,  although  the  latter 
is  often  erroneously  ascribed  to  the  presence  of  acetylene. 
It  is  slightly  soluble  in  water,  much  more  readily  in  alcohol. 
It  burns  with  a luminous,  very  smoky  flame,  this  behaviour 
being  shown  by  all  hydrocarbons  which  contain  a very  large 
percentage  of  carbon. 
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Copper  acetylene,  the  brownish-red  amorphous  compound 
which  is  precipitated  when  acetylene  is  passed  into  a solution 
of  cuprous  chloride  in  ammonia,  has  probably  the  composition 
□oH,Cu«0,  and  its  formation  serves  as  a delicate  test  for 
i acetylene.  The  dry  substance  explodes  when  struck  on  an 
nnvil  or  when  heated  at  about  120°.  It  is  decomposed  by 
Hydrochloric  acid  with  formation  of  acetylene  and  traces  of 
vinyl  chloride,  but  when  warmed  with  a solution  of  potassium 
j cyanide,  it  yields  pure  acetylene.  Silver  acetylene,  C0H.2Ag20, 
-s  a colourless  amorphous  compound  obtained  on  passing 
i acetylene  into  an  ammoniacal  solution  of  silver  nitrate.  It  is 
more  explosive  than  the  copper  compound. 

When  acetylene  is  passed  over  heated  sodium  or  potassium, 
Hydrogen  is  evolved,  and  a metallic  substitution  product 
cormed, 

2C,II.,  + 2Xa  = 2C,TL\a  + H2. 

Acetylene  combines  directly  with  nascent  hydrogen,  being 
tonverted  first  into  ethylene,  then  into  ethane, 

C.2II2  f 2H  = C2II4  C,H,  + 4II  = C,Hfi. 

ft  combines  directly  with  chlorine,  forming  dichlorethyleno 
aid  tetrachlorethane, 

C2H,2  + Cl,  = C,H2C1,  C,II2  + 2 Cl,  = C,H,C14, 

vith  bromine,  forming  dibromethylene  and  tetrabromethane, 
aid  with  halogen  acids  under  certain  conditions,  giving 
tl  the  first  place  substitution  products  of  ethylene.  Thus, 
when  the  copper  compound  of  acetylene  is  decomposed 
with  hydrochloric  acid,  small  quantities  of  vinyl  chloride  or 
hlorethylene  are  produced. 

Sulphuric  acid  absorbs  acetylene.  When  the  solution  is 
liluted  with  H,0,  and  then  distilled,  acetaldehyde  (p.  120) 
■asses  over, 

C.2IT,  + 11,0  = C,TT,0. 

Acetaldehyde  is  also  formed  when  acetylene  is  passed  through 
n aqueous  solution  of  mercuric  bromide. 

This  remarkable  reaction — that  is,  the  addition  of  the  elements  of 
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water  to  the  group  HC^eG'H,  by  treatment  with  sulphuric  acid  or 
with  halogen  mercuric  salts — appears  to  he  a general  one,  and  is 
frequently  employed  as  a method  of  synthesis  in  organic  investiga- 
tions. 

When  acetylene  is  heated  at  n dull  red  heat,  it  is  converted 
into  benzene  (part  ii. ), 

3C,H,  = C6H6. 

Constitution  of  Acetylene. — The  formation  of  acetylene  from 
ethylene  dibromide  may  be  expressed  by  the  equation 
H H 

H — C — (J — H = C.,H,  + 2HBr, 

II  ‘ 2 

ltr  Br 

so  that  the  constitution  of  the  hydrocarbon  might  be  repre- 
sented by  one  of  the  formulae 

II  II  H 

I | or  I 

C— C H— C— C, 

which,  in  order  to  recall  the  fact  that  carbon  is  tetravalent, 
and  that  acetylene  combines  directly  with  four  monad  atoms, 
must  then  be  written 

1-1  H H 

I I I 

— C— C—  or  H— C— C— . 

II  II 

l.  II. 

Since,  however,  as  stated  in  discussing  the  constitution  of 
ethylene,  one  unsaturated  carbon  atom  is  never  found  to  exist 
alone,  but  requires  the  presence  of  another,  it  must  be  assumed 
that  the  particular  portion  of  the  combining  capacity  of  each 
of  the  carbon  atoms  which  is  not  exerted  in  uniting  with 
hydrogen,  is  in  some  way  exerted  in  combining  with  or  satis- 
fying the  other  carbon  atom.  For  these  reasons,  formula  i.  is 
written 

H H 

6-  c o.  cm  ; nr. 

But  it  is  impossible  to  write  formula  u.  in  any  such  manner, 
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aand  at  the  same  time  to  represent  both  carbon  atoms  as 
aactively  tetravalent.  For  these  and  other  reasons  the  con- 
stitution of  acetylene  is  expressed  by  the  formula  CH  I CH, 
which  recalls  the  fact  that  it  contains  doubly  unsaturated 
carbon  atoms,  and  is  capable  of  combining  directly  with 
ttwo  pairs  of  monad  groups  or  atoms  to  form  additive 
i compounds.  This  view  of  the  constitution  of  acetylene 
: accords  well  with  its  whole  chemical  behaviour. 


The  formation  of  acetylene  by  the  electrolysis  of  fumaric  acid 
affords  support  to  this  view,  as  will  be  readily  understood  if  the 
decomposition  be  represented  thus  : 


CH— COOH  CH—  C02  Id—  CH 

II  — II  + + = |||  + 2C02  + H0. 

CH— COOH  CH—  COo  H—  CH 

Fumaric  Acid. 


When  the  hydrocarbon  combines  with  two  monovalent 
I atoms,  such  as  2H,  Cl2,  Bit,,  HBr,  &c.,  it  loses  part  of  its 
ansaturated  character,  and  the  two  carbon  atoms,  which 
cefore  were  represented  as  joined  by  three  lines,  or  by  a 
t&reble  binding  or  treble  linking,  are  now  represented  as 
oined  by  two  only,  as  in  the  olefines, 


CH : CH  + 2H  = CH.pCHo  CH  i CH  + Br2  = CHBnCHBr. 

if,  now,  these  compounds,  which  are  still  unsaturated,  again 
combine  with  2H,Br2,  &e.,  they  are  converted  into  saturated 
compounds, 

CH2:CH2  + 2H  = CPL-CK, 

CHBr:CHBr  + Br2  = CHBiyCHBr2. 

Vcetylene  can  also  combine  with  the  valency  equivalent  of 
our  monad  atoms,  with  one  atom  of  oxygen  and  two  atoms  of 
lydrogen,  for  example, 


CH 


CH 


H H 

\/ 


<_> 


CH.. 

\ 

HC:0 


riomologues  of  Acetylene. — Two  hydrocarbons  of  the  mole- 
rnlar  formula  C3H4  are  known  ; they  may  be  represented  by 
he  formulae 
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CHS-C:CH  and  CH2:C:CH2. 

Allylene  or  Methylacetylene.  Allene. 

All)'lene,  like  acetylene,  contains  two  doubly  unsaturated 
carbon  atoms,  whereas  allene  resembles  rather  ethylene  in 
constitution,  and  may  be  considered  as  containing  two  pairs  of 

(singly)  unsaturated  carbon  atoms,  CH.,:C:CH„.  This  ex- 
ample shows  that  isomerism  in  the  acetylene  series  may  he 
due  to  a difference  in  the  position  of  the  unsaturated  carbon 
atoms  in  the  molecule,  as  well  as  to  a difference  in  the  extent 
of  unsaturation,  and  consequently  the  number  of  isomerides 
in  any  given  case  is,  theoretically,  even  greater  than  in  the 
olefine  series. 

Allylene  is  prepared  by  heating  propylene  dibromide  (di- 
bromopropane)  with  alcoholic  potash, 

CH8.CHBr-CH2Br  + 2KOH  = CH..-C:  CH  + 2KBr  + 2H20. 

It  is  a gas,  very  similar  to  acetylene  in  properties,  and  gives 
characteristic  copper  and  silver  compounds. 

Allene  is  said  to  be  produced  in  small  quantities  by  heating 
allyl  bromide  (p.  255)  with  alcoholic  potash, 

CH2:CH-CH2Br  + KOH  - CH2:C:CH2  + KBr  + H20. 

It  is  also  a gas,  but  it  differs  from  allylene  in  not  forming 
metallic  derivatives.  Unly  those  hydrocarbons  which  contain 
the  group  -C  i CPI  yield  metallic  compounds  with  ainmon- 
iacal  solutions  of  cuprous  chloride  and  silver  nitrate. 

The  higher  homologues  of  acetylene  have  been  compara- 
tively little  investigated. 


SUMMARY  AND  EXTENSION. 

The  Acetylene  Series:  Unsaturated  hydrocarbons  of  the  general 
formula  CnH2;l_2.  The  most  important  members  of  this  series  are 
acetylene,  CHiCH,  allylene , CH3C;CH,  and  its  isomeride  allene, 
CH2:C:CH2,  and  crotonylenc,  (_’H3*C • C-CIP,. 

Methods  of  Preparation.— By  treating  the  monohalogen  substitu- 
tion products  of  the  olelines,  or  the  dihalogen  substitut  ion  products 
of  the  paraffins,  with  alcoholic  potash, 
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CH„:CHBr  + KOII  = CH;  CH  + KBr  + ILO 
CH.‘-CHBr-CH.,Br  + 2KOH  - CII3  C;CH  + 2KBr  + 2H.,0. 

IBy  the  electrolysis  of  the  alkali  salts  of  unsaturated  dibasic  acids, 


Physical  and  Chemical  Properties. — The  members  of  the  acetylene 
; -series  up  to  C1„H22  are  gases  or  volatile  liquids  having  a peculiar 
i odour.  They  are  sparingly  soluble  in  water,  more  readily  in 
j alcohol,  and  burn  with  a luminous,  very  smoky  flame.  The  hydro- 
carbons, CnH2Jl-2  may  be  classed  in  two  groups:  (1)  The  true 
acetylene  series,  consisting  of  those  compounds  which,  like 
•acetylene,  contain  the  group — C;C — ; and  (2)  the  di-olefincs, 

• or  hydrocarbons,  such  as  allenc,  CH2:C:CH2,  and  diallyl, 
tCH2:CH-CH2-CH2-CH:CII2,  which  resemble  the  olefines  in  con- 
stitution. The  former  behave  on  the  whole  like  acetylene,  whereas 
the  latter  are  similar  to  the  olefines. 

Those  hydrocarbons  of  the  true  acetylene  series  which  contain 
the  group  -f'iCH  form  metallic  compounds  such  as  copper 
acetylene,  C2H2Cu20,  and  silver  acetylene,  C._,H2Ag20,  when 
treated  with  ammoniacal  solutions  of  cuprous  chloride  and  silver 
nitrate.  The  copper  compounds  are  red,  the  silver  compounds 
white,  and  both  classes  are  explosive,  the  latter  more  so  than 
the  former.  These  compounds  are  decomposed  by  hydrochloric 
iacid,  and  by  warm  potassium  cyanide  solution,  the  acetylenes 
being  regenerated.  The  di-olefines,  and  those  members  of  the 
true  acetylene  series,  such  as  CH.,  C;  C CH3,  which  do  not  contain 
the  group — ClCH,  do  not  form  these  metallic  derivatives. 

The  hydrocarbons  of  the  true  acetylene  series  may  be  caused 
to  combine  with  the  elements  of  water  either  by  dissolving  them 
in  strong  sulphuric  acid,  and  then  adding  water  and  warming;  or  by 
-shaking  them  with  a concentrated  aqueous  solution  of  mercuric 
chloride  or  bromide,  and  then  decomposing  tin'  precipitate  which  is 
formed  with  a dilute  mineral  acid, 

CHiCH  + ILO  = CH3  CH()  CH.CCH  -i-  H20  = CH3CO-CH3. 

| In  the  case  of  all  the  higher  members,  combination  takes  place 
in  such  a way  that  the  oxygen  atom  becomes  united  with  the 


CHCOOH 


CHCOOH 


11 


CH 

H|  + 2CO.,  + H.,. 

CH 
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two  molecules  of  chlorine,  bromine,  halogen  acids,  and  with  nascent 
hydrogen,  &c. , the  action  taking  place  in  two  stages, 

C2H2  + 2H  = C2H4  C2H2  + 4H  = C2H6 
CHg-CiCH  f Br2  = CHs-CBr:CHBr 
CH3-CBr:CHBr  + Br„  = CH8-CBiyCHBr2. 

Like  the  olefines,  they  are  readily  oxidised  and  converted  into 
compounds  containing  a smaller  number  of  carbon  atoms  in  the 
molecule. 


CHAPTEB  VI. 

THE  MONOHYDRIC  ALCOHOLS. 

The  monohydric  alcoliols  form  a homologous  series  of 
the  general  formula  CnH2nfl-OH,  or  CnH2,l+20.  They 
may  be  regarded  as  derived  from  the  paraffins  by  the 
substitution  of  the  monovalent  liydroxyl-group  HO-  for  one 
atom  of  hydrogen. 

Methyl  alcohol,  CH.j-OH,  derived  from  inethane,  CH.pH 

Ethyl  CoHj-OH,  „ ethane, 

Propyl  u C3H7-OH,  m propane,  C:jH7-H,  &c. 

Methyl  alcohol,  wood  spirit,  or  earbinol,  CM,  OH,  occurs  in 
nature  in  several  substances,  amongst  others  in  combination 
with  salicylic  acid,  as  methyl  salicylate,  in  oil  of  winter- 
green  ( Gaulth evict  procumbens).  When  this  oil  is  distilled 
with  dilute  potash,  an  aqueous  solution  of  pure  methyl 
alcohol  collects  in  the  receiver.  Methyl  alcohol  may  be 

obtained  from  methane,  by  first  converting  the  hydrocarbon 
into  methyl  chloride,  and  then  heating  the  latter  with  dilute 
aqueous  potash  in  closed  vessels, 

CH3C1  + KOI  I = CH3.OH  + KC1. 

Methyl  alcohol  is  prepared  from  the  products  of  the 
destructive  distillation  of  wood.  When  wood  is  heated  in 
iron  retorts  out  of  contact  with  air,  gases  are  evolved,  water, 
tar,  and  other  products  collect  in  the  receiver,  and  wood-coke 
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or  charcoal  remains.  After  allowing  the  distillate  to  settle, 

I the  brown  aqueous  layer,  which  contains  methyl  alcohol, 
acetic  acid,  acetone,  and  other  substances,  is  drawn  off  from 
the  wood-tar  and  distilled  from  a copper  vessel,  the  vapours 
being  passed  through  hot  milk  of  lime,  to  free  them  from 
acetic  acid,  and  then  collected  in  a receiver ; this  distillate 
is  diluted  with  water  to  precipitate  oily  impurities,  and 
then  submitted  to  careful  fractional  distillation  over  quick- 
lime. The  liquid  obtained  in  this  way  contains  98-99  per 
cent,  of  methyl  alcohol.  In  order  to  free  it  from  acetone  and 
other  impurities,  it  is  mixed  with  powdered  calcium  chloride, 

I with  which  the  methyl  alcohol  combines,  forming  a crystalline 
compound  of  the  composition  CaCl.2  + 4CH40.  This  substance 
is  freed  from  acetone  by  pressure  between  cloths,  and  then 

I decomposed  by  distilling  with  water ; the  aqueous  methyl 
alcohol  is  finally  dehydrated  by  repeated  distillation  with 
quicklime,  but  it  still  contains  traces  of  acetone  and  other 
impurities. 

Pure  methyl  alcohol  can  be  prepared  by  warming  the 
i impure  product  with  oxalic  acid,  when  methyl  oxalate  is 
I] produced  (p.  233), 

2CH;!-OII  + C204H,  = C204(C1I:J)2  + 2H20: 

I I this  crystalline  substance  is  decomposed  by  distilling  with 
I I potash,  and  the  aqueous  solution  of  pure  methyl  alcohol 
| dehydrated  with  caustic  lime  as  before. 

I*  Methyl  alcohol  is  a colourless,  mobile  liquid  of  sp.  gr. 

0-796  at  20°;  it  boils  at  66°,  has  an  agreeable  vinous  or  wine- 
like odour,  and  a burning  taste.  It  mixes  with  water  in  all 
I proportions,  a slight  contraction  in  volume  taking  place, 
and  heat  being  developed  ; it  burns  with  a pale,  non-luminous 
flame,  and  its  vapour  forms  an  explosive  mixture  with  air  or 
oxygen, 

2CH3-OH  + 30.,  = 2C03  + 4H,0. 

It  is  largely  used  in  the  manufacture  of  organic  dyes  and  var- 
nishes, and  for  the  preparation  of  methylated  spirit  (p.  100). 
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Sodium  and  potassium  dissolve  readily  in  methyl  alcohol 
with  evolution  of  hydrogen  and  formation  of  metallic 
compounds  called  methylates  or  methoxides, 

2CH:1OIl  + 2Na  = 2GH3-ONa  + II2, 

a reaction  which  is  similar  to  the  decomposition  of  water 
by  sodium.  Sodium  methoxido  is  readily  soluble  in  methyl 
alcohol,  but  can  be  obtained  in  a solid  condition  by  evaporating 
the  solution  in  a stream  of  hydrogen ; it  is  a colourless, 
crystalline,  very  deliquescent  compound,  which  rapidly 
absorbs  carbon  dioxide  from  tire  air,  and  is  immediately 
decomposed  by  water  with  regeneration  of  methyl  alcohol, 

CIL-ONa  + H.,0  = CH,-OH  + NaOH. 

Potassium  methoxido  has  similar  properties. 

Although  neutral  to  test-paper,  methyl  alcohol  acts  like  a 
weak  base,  and  combines  with  acids  to  form  salts ; when 
saturated  with  hydrogen  chloride,  it  yields  methyl  chloride, 
corresponding  with  potassium  chloride, 

CH:)-OH  + HC1  = CII:jCl  + H.,0 
KOH  +HC1  = KC1+  1P,0,  “ 

and  when  warmed  with  sulphuric  acid,  it  gives  methyl 
hydrogen  sulphate,  corresponding  with  potassium  hydrogen 
sulphate,  and  methyl  sulphate,  corresponding  with  potassium 
sulphate, 

C1L-01I  + H2S04  = CH3.HS04  + H20 
2C1I3-0H  + H2S04  = (CH3)2S04  + 2li20. 

When  phosphorus  'pentacldoride,  trichloride,  or  oxychloride 
is  added  to  methyl  alcohol,  a considerable  development  of 
heat  occurs,  and  methyl  chloride  is  formed, 

Cl  i p OH  + PC15  = CH.,01  + 11  Cl  + POC1., 

3C1I  pOH  + PCI,  = 3CII..C1  + II,P03 
3CII3-OH  + P0C13  = 3CH..C1  + H.sP04. 

The  corresponding  bromides  of  phosphorus  act  in  a. similar 


manner. 
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Methyl  alcohol  is  readily  oxidised,*  being  first  converted 
i into  formaldehyde  and  then  into  formic  acid, 

(CHg.OH  + 0 = CII.,0  + H.,0  CH,0  + 0 - CH202. 

Formaldehyde.  Formic  Acid. 

Constitution  of  Methyl  Alcohol. — Since  only  one  of  the 
ifour  hydrogen  atoms  in  methyl  alcohol,  CiI40,  is  displaceable 
1 by  potassium  or  sodium,  it  must  be  concluded  that  this 
| particular  hydrogen  atom  is  in  a different  state  of  combination 
I from  the  other  three;  but  methyl  alcohol  is  formed  by  the 
action  of  dilute  alkalies  on  methyl  chloride, 

CH.jCl  + KOI  I = CILjOH  + KC1, 

* The  substances  most  frequently  used  in  oxidising  organic  compounds 
are:  Chlorine  water,  bromine  water,  nitric  acid,  chromic  acid,  manganese 
dioxide  and  sulphuric  acid,  and  potassium  permanganate.  Chlorine  and 
bromine,  in  presence  of  water,  act  as  oxidising  agents  by  liberating 
oxygen, 

Cl.,  + H.,0  = 2HC1  + 0. 

'Nitric  acid  gives  up  some  of  its  oxygen  and  is  reduced  to  an  oxide  of 
nitrogen,  the  nature  of  which  depends  on  that  of  the  substance  undergoing 
oxidation,  and  on  the  conditions  of  the  experiment, 

2HN03  - HoO  + N20.,  + 20  2HN03=  H20  + 2N02  + 0,  Ac. 

1 Chromic  acid  in  the  presence  of  sulphuric  or  acetic  acid  gives  oxygen  and 
ia  chromic  salt, 

2Cr0.j  = Cr20j  + 30,  or  2Cr03  + 3H2S04  = Cr2(S0.,)3  + 3H„0  + 30. 

A mixture  of  potassium  dichromate  and  sulphuric  acid,  which  is  very  often 
used  instead  of  chromic  acid,  yields  oxygen  and  a mixture  of  chromic 
sulphate  and  potassium  sulphate,  which  frequently  crystallises  out  in  dark 
purple  octaliedra  of  chrome-alum,  lv.,SO.h  0r2(SO4)o  + 24H..O, 

K.,Cr207  + 4H„S04  = K2S04  + Cr2(S04):,  + 4II20  + 30. 

: Potassium  permanganate,  in  alkaline  solution,  is  decomposed,  yielding  a 
precipitate  of  hydrated  manganese  dioxide, 

2KMn04  + H20  = 2Mn02  + 2K0II  + 30  ; 

hut  in  acid  solution  the  same  quantity  of  permanganate  gives  live  instead  of 
three  atoms  of  oxygen, 

2KMn04  + 3II2S04  = K,_,S04  + 2MnS04  + 3H._,0  + 50, 

1 because  manganese  dioxide  and  sul])hnric  acid  yield  oxygen, 

2MnOs  + H2S04  = MuS04  + H.,0  + 0. 
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and  the  three  hydrogen  atoms  in  methyl  chloride,  which  are 
known  to  be  combined  with  carbon,  are  not  displaceable 
by  metals.  It  is  evident,  therefore,  that  the  displaceable 
hydrogen  atom  in  methyl  alcohol  is  not  combined  with 
carbon ; the  only  other  possibility  is  that  it  is  combined 
with  oxygen,  and  that  methyl  alcohol  has  the  constitution 
H 

H— C— 0— II,  which  is  usually  written  CH..-OH.  When 

I 

H 

represented  in  this  way,  the  whole  chemical  behaviour  of 
methyl  alcohol  is  summarised  in  its  graphic  formula ; the  fact 
that  the  oxygen  atom  cannot  be  taken  away  without  one  of 
the  hydrogen  atoms  accompanying  it — as,  for  example,  when 
the  alcohol  is  treated  with  HC1,  PC15,  PBr5,  &c. — is  recalled  by 
the  two  atoms  being  represented  as  directly  united.  The 
similarity  between  methyl  alcohol  and  the  metallic  hydroxides 
is  also  accounted  for ; the  alcohol  may  be  regarded  as  derived 
from  water,  H-O-H,  by  substituting  the  monovalent  CH- 
group  for  one  atom  of  hydrogen,  just  as  sodium  hydroxide, 
Na-(  )H,  is  obtained  by  the  substitution  of  one  atom  of 
sodium.  Methyl  alcohol,  in  fact,  is  methyl  hydroxide,  and, 
like  other  hydroxides,  it  forms  salts  and  water  when  treated 
with  acids, 

CH3-OH  + HC1  = CH...C1  + H,0 
Na-OH  + HC1  - NaCl  + H20." 

Like  water  and  certain  metallic  hydroxides,  it  contains  dis- 
placeable hydrogen, 

2CH..-0H  + 2Na  = 2CH,-0Na  + H„ 

Zn(OH),  + 2K01I  Zn(OK),  + 2H,0. 

It  may  also  be  considered  as  a hydroxy-substitution  product 
of  the  paraffin,  methane  ; it  is  termed  a monohydric  alcohol 
because  it  contains  one  hydroxyl-group. 

Ethyl  alcohol,  spirits  of  wine,  alcohol,  or  methyl  carbinol, 
C.,H6'OH,  has  been  known  from  the  earliest  times,  as  it  is 
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'contained  in  all  wines  prepared  by  the  fermentation  (p.  97)  of 
ggrape  juice. 

It  may  be  obtained  from  ethane  by  converting  the  hydro- 
ccarbon  into  ethyl  chloride  and  heating  the  latter  with  dilute 
alkalies  under  pressure, 

C,H5C1  + KOH  = C,H5-OH  + KC1, 

-and  by  passing  ethylene  into  fuming  sulphuric  acid,  and  then 
boiling  the  solution  with  water,  a reaction  of  considerable 
ttheoretical  importance, 

C.,H,  + ll.,S04  = C.,H5-HS04 
C.2H5.HS04  + ll'O  = C,H-.OH  + H,S04 ; 

also  by  reducing*  acetaldehyde  in  aqueous  solution  with  sodium 
amalgam, 

C,I140  + 2H  = C,HcO. 

Alcohol  may  be  prepared  by  placing  a weak  aqueous 

* The  substances  most  frequently  used  in  reducing  organic  compounds 
.are,  sodium,  zinc,  tin,  iron,  sodium  amalgam,  hydrogen  iodide,  sulphuretted 
hydrogen,  and  sulphur  dioxide  in  aqueous,  acid,  alkaline  or  alcoholic 
solution. 

Sodium,  acting  on  the  alcoholic  or  moist  ethereal  solution  of  the 
(-substance,  is  one  of  the  most  powerful  reducing  agents  known, 

2Na  + 2C.,H,-OH  = 2C,H,.0Na  + 211 
2Na  + 2H..0  = 2NaOH  + 211. 

Sodium  Amalgam,  an  alloy  of  sodium  and  mercury,  acts  on  aqueous  or 
dilute  alcoholic  solutions  in  the  same  way  as  metallic  sodium,  the  action 
oeing,  however,  greatly  moderated  by  the  presence  of  the  mercury. 

Zinc  and  hydrochloric  or  sulphuric  acid,  or  zinc  dust  and  acetic  acid, 
are  perhaps  the  most  commonly  employed  reducing  agents;  in  some  cases 
die  action  is  much  accelerated  by  coating  the  zinc  with  copper  in  the  form 
of  the  zinc-copper  couple  (p.  57).  Zinc  dust  is  sometimes  employed  in 
dilkaline  solution,  as,  for  instance,  in  the  presence  of  potash,  soda,  or 
. unmonia, 

Zn  + 2KOH  = Zn(OK),  + 211. 

Substances  which  are  reduced  only  with  great  difficulty  are  frequently 
mixed  with  zinc  dust  and  heated  at  a high  temperature. 

Tin  and  hydrochloric  acid  act  as  reducing  agents,  stannous  chloride  being 
| irst  produced, 

Sn  + 2HC1  = SnCl.,  + 2H. 

I ptannous  chloride  is  not  acted  on  by  hydrochloric  acid  alone,  but,  in 
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solution  of  cane-  or  grape-sugar  in  a capacious  flask,  adding  a 
small  quantity  of  brewer’s  yeast,  and  keeping  the  mixture  in 
a warm  place  (at  about  20").  After  some  time  it  begins  to 
froth  and  ferment  (p.  97),  and,  if  the  flask  be  fitted  with  a 
cork  and  delivery  tube,  it  can  be  proved  that  carbon  dioxide 
is  being  evolved  by  passing  the  gas  into  lime-water.  After 
about  24  hours’  time  the  yeast  is  filtered  off,  and  the  solution 
distilled  from  a flask  or  retort  connected  with  a condenser, 
the  process  being  stopped  when  about  one-third  has  passed 
over.  In  this  way  the  more  volatile  alcohol  is  partially 
separated  from  the  water  (fractional  distillation).  The  dis- 
tillate has  an  unpleasant  vinous  smell,  and  consists  of  an 
aqueous  solution  of  slightly  impure  alcohol.  It  is  poured  into 
a retort  or  flask  connected  with  a condenser,  and  a con- 
siderable quantity  of  freshly-burnt  lime  in  the  form  of  small 
lumps  is  then  slowly  added  ; after  some  hours,  the  alcohol  is 
distilled  by  heating  on  a water-bath.  By  repeating  this  process 
several  times,  employing  fresh  caustic  lime  in  sufficient 
quantity,  alcohol  containing  only  about  0-2  per  cent,  of 
water  is  obtained,  but  it  is  impossible  to  free  it  completely 
from  water  by  distillation  over  lime.  When  the  alcohol  con- 
tains less  than  about  O' 5 per  cent,  of  water,  it  is  known 
commercially  as  absolute  alcohol. 

Wines,  beers,  and  spirits  contain  alcohol,  and  its  prepara- 
tion from  these  liquids  is  very  simple.  The  liquid  is  distilled, 
and  the  alcohol,  thus  freed  from  colouring  matter  and  other 

presence  of  reducible  substances,  it  is  a very  powerful  reducing  agent,  being 
converted  into  stannic  chloride, 

SnCL,  + 2HC1  = SnCl4  + 211. 

Hydriodic  Acid,  in  concentrated  aqueous  solution,  is  a very  powerful 
reducing  agent  at  high  temperatures,  the  hydrogen  iodide  being  decomposed 
into  hydrogen  and  iodine. 

Sulphuretted  Hydrogen,  being  readily  decomposed  into  sulphur  and 
hydrogen,  is  frequently  used  as  a mild  reducing  agent,  generally  in  the 
form  of  ammonium  sulphide. 

Sulphur  Dioxide  has  only  a limited  use  ; in  presence  of  water  and  reduc- 
ible substances,  it  is  converted  into  sulphuric  acid, 

SO,  + 2HoO  = ILSO.  + 211. 
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| -solid  substances,  is  then  dehydrated  by  distillation  with 
■caustic  lime. 

Alcohol  is  a colourless,  mobile  liquid  of  sp.  gr.  0-8062  at0°; 
iit  has  a pleasant  vinous  odour  and  a burning  taste ; it  boils 
oat  78°,  ■ but  does  not  solidify  until  about  — 130°  (hence 
iits  use  in  alcohol  thermometers).  It  burns  with  a pale,  non- 
lluminous  flame,  and  its  vapour  forms  an  explosive  mixture 

Iuvith  air  or  oxygen, 

C.2H5-OH  + 302  = 2CO,  + 311,0. 

It  mixes  with  water  in  all  proportions  with  develop- 
ment of  heat  and  diminution  of  volume;  52  vols.  of  alcohol 
and  48  vols.  of  water  give  a mixture  occupying  only 
'.96-3  vols. 

Ethyl  alcohol  closely  resembles  methyl  alcohol  in  chemi- 
cal properties.  It  quickly  dissolves  sodium  and  potassium 
'with  evolution  of  hydrogen  and  formation  of  ethylates  or 
ethoxides, 

2C,H5-OIi  + 2Xa  = 2C,HvONa  + H,. 

These  compounds  are  readily  soluble  in  alcohol,  but  may  be 
obtained  in  a solid  condition  by  evaporating  the  solution  in  a 
•stream  of  hydrogen.  They  are  colourless,  hygroscopic  sub- 
• stances,  rapidly  absorb  carbon  dioxide  from  the  air,  and 
are  immediately  decomposed  by  water  with  regeneration  of 
alcohol, 

CJT--OK  + H,0  - C,T 1 5 -OH  + KOH. 

Although  it  has  a neutral  reaction,  alcohol  acts  like  a weak 
base,  and  when  treated  with  acids,  is  converted  into  salts  with 
! formation  of  water, 

c2h5-oh  + hi  = c.2h5i  + II20. 

When  treated  with  the  chlorides  or  bromides  of  phosphorus, 
it  is  converted  into  ethyl  chloride  or  ethyl  bromide,  an 
energetic  action  taking  place, 

C2H5-OH  + PBr5  = C,H5Br  + HBr  + POBr,. 
Alcohol  is  readily  oxidised  by  chromic  acid,  yielding  acetalde- 
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hycle,  which  on  further  oxidation  is  converted  into  acetic 
acid, 

c,h5.oh  + 0 = c,h4o  + h2o  c2h4o  + o = c2h4o2. 

Acetaldehyde.  Acetic  Acid. 

By  the  action  of  the  ferment,  mycoderma  aceti,  it  is,  under 
certain  conditions  (p.  148),  oxidised  to  acetic  acid  at  ordinary 
temperatures  by  the  oxygen  of  the  air. 

The  presence  of  alcohol  in  aqueous  solution  may  he  detected 
by  Lieben’s  iodoform  reaction  (p.  175).  A small  quantity  of 
iodine  is  placed  in  the  solution,  and  then  caustic  potash  is 
added  drop  by  drop  until  the  colour  of  the  iodine  disappears. 
If  alcohol  be  present  in  considerable  quantity,  a yellow  pre- 
cipitate of  iodoform  is  produced  almost  immediately.  In 
very  dilute  solutions  of  alcohol  only  a very  slight  precipi- 
tate is  formed  even  after  some  time,  but  it  may  be  recognised 
as  iodoform  by  its  odour,  and  by  the  characteristic  appear- 
ance of  its  six-sided  crystals  when  viewed  under  the  micro- 
scope. By  means  of  this  reaction  it  is  possible  to  detect  1 
part  of  alcohol  in  2000  parts  of  water.  It  is  especially  valuable 
as  affording  a means  of  distinguishing  between  ethyl  and 
methyl  alcohols,  as  the  latter  does  not  give  the  iodoform 
reaction,  although  many  other  substances,  such  as  acetone, 
aldehyde,  &c.,  do  so. 

The  presence  of  water  in  alcohol  can  be  detected  by  adding 
a little  anhydrous  copper  sulphate.  If  water  be  present,  the 
colourless  powder  turns  blue,  owing  to  the  formation  of  the 
hydrated  salt,  but  this  test  is  not  very  delicate. 

Const  Hut  ion. — The  formation  of  alcohol  from  ethyl  chloride, 
the  fact  that  only  one  of  its  six  atoms  of  hydrogen  is  displace- 
able by  metals,  and  its  close  resemblance  to  methyl  alcohol  in 
chemical  properties,  lead  to  the  conclusion  that  it  is  a hydroxide 

H H 

of  the  constitution  H — C — C — 0— II,  or  C.,H5-OH.  It  may 

I I 

H II 

be  regarded  as  a mono-liydroxy-substitution  product  of  ethane. 
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Production  of  Wines  and  Beers  ; Alcoholic  Fermentation. 

When  the  juice  of  grapes  is  kept  for  a few  days  at 

Irrdinary  temperatures,  it  changes  into  wine ; the  sugars, 
cextrose  and  levulose  (p.  262),  present  in  the  juice  being 
’’ecomposed  into  alcohol  and  carbon  dioxide.  This  change 
brought  about  by  a small  vegetable  organism  ; the  process 
| called  fermentation,  and  the  active  agent  which  causes  the 
uange  is  termed  a ferment.  All  wines,  beers,  and  spirits,  and 
me  whole  of  the  alcohol  of  commerce  are  prepared  by  the 
•ocess  of  fermentation. 

I The  ferment  which  brings  about  the  conversion  of  grape- 
liiice  into  wine  is  present  on  the  grapes  and  stalks  and  in 
me  air ; it  is  a living  organism,  and  during  fermentation 
] rapidly  grows  and  multiplies,  feeding  on  the  sugar,  mineral 
Its,  and  nitrogenous  substances  contained  in  the  juice.  In 
der  that  fermentation  may  take  place,  the  conditions  must 
■ j favourable  to  the  life  and  growth  of  the  living  ferment ; 
fficient  food  of  a suitable  kind  must  be  at  hand,  and  the 
nmperature  must  be  kept  within  certain  limits. 

Beer  is  prepared  from  malt  and  hops.  Malt  is  the  grain 
barley  which  has  been  caused  to  sprout  or  germinate  by 
^t  soaking  it  in  water  and  then  keeping  it  in  a moist 
nosphere  at  a suitable  temperature.  During  the  process 
germination  a ferment,  diastase,  is  formed  in  the  grain. 
:ie  malt  is  now  heated  at  50-100°  in  order  to  stop  germina- 
■n  and  to  cause  the  production  of  various  substances  which 
part  to  it  both  colour  and  flavour,  the  character  of  the 
er  depending  largely  on  the  temperature  and  the  duration 
heating.  It  is  then  stirred  up  with  water  and  kept  at 
-65°,  when  fermentation  sets  in,  the  diastase  converting 
} starch  in  the  malt  into  dextrin  and  a sugar,  maltose. 
is  solution  is  now  boiled  in  order  to  stop  the  diastafic 
' mentation , and  then  hops,  the  flower  of  the  hop-plant, 
added  in  order  to  impart  a slight  bitter  taste,  and  also  on 
ount  of  the  preservative  properties  of  the  hops.  After 

r: 
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cooling  to  from  5°  to  20°,  yeast  is  added,  when  alcoholic  fer- 
mentation sets  in,  the  sugar  maltose  being  gradually  converted 
into  alcohol  and  carbon  dioxide.  The  beer  is  then  run  olf 
and  kept  until  ready  for  consumption. 

Beer  usually  contains  3-G  per  cent,  of  alcohol,  small 
quantities  of  dextrin,  sugars,  and  colouring  matters,  and 
traces  of  succinic  acid,  glycerol,  and  other  substances.  It 
contains,  moreover,  carbon  dioxide,  to  which  it  owes  its 
refreshing  taste,  and  small  quantities  of  fusel  oil,  which  help 
to  give  it  a flavour. 

The  production  of  beer  involves  two  distinct  fermentations.  In 
the  first  place,  the  starch  in  the  malt  is  converted  into  maltose  and 
dextrin  by  the  diastase, 

3(C6H1(105)  + H,0  = CJ2H,,On  + C6H10O5 ; 

Starch.  Maltose.  Dextrin, 

in  the  second  place,  the  maltose  is  transformed  into  alcohol  by  the 
yeast, 

Cj.JT.,,0,!  + H20  = 4C„HbO  + 4CO... 

One  of  the  ferments  cannot  do  the  work  of  the  other ; yeast  cannot 
convert  starch  into  maltose,  nor  can  diastase  set  up  the  alcoholic 
fermentation  of  sugar.  Diastase  is  an  amorphous  substance, 
without  definite  form  or  structure,  and  apparently  lifeless.  Such 
ferments  are  termed  enzymes,  in  contradistinction  to  living  organ- 
ised ferments  of  definite  structure,  of  which  veast  is  an  example. 

Yeast  (saccharomyces)  consists  of  rounded,  almost  trans- 
parent living  cells,  which  are  usually  grouped  together  in 
chain-like  clusters.  When  placed  in  solutions  of  certain  sugars 
containing  small  quantities  of  mineral  substances,  &c.,  which 
the  organism  requires  for  food,  the  cells  soon  begin  to  bud 
and  multiply,  provided  also  that  the  temperature  is  kept 
between  about  5°  and  30°;  if  it  exceeds  these  limits,  the 
plant  stops  growing,  and  fermentation  ceases. 

There  are  several  sugars  which  can  lie  fermented  with  yeast, 
the  most  important  being  dextrose  or  grape-sugar,  CrII120,., 
levulose  or  fruit-sugar,  CcH1206,  and  maltose,  C]2H22Ou. 
Cane-sugar,  CloTI.,.,0n,  does  not  ferment  with  pure  yeast,  but 
does  so  with  ordinary  yeast,  because  the  latter  contains  other 
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rrments  which  rapidly  convert  tho  cane-sugar  into  equal 
olecules  of  dextrose  and  levuloso  : 

C^H.^Oji  + H,0  = C6H1206  + CrJIj.jOg. 

Dextrose.  Levulose. 

re  alcoholic  fermentation  of  these  sugars  is  expressed 
rproximately  by  the  equation, 

cyr./v,  = 2C,h0o  + 2C02 ; 

tt  small  quantities  of  succinic,  acetic,  lactic,  and  butyric 
ds,  glycerol,  fusel  oil,  and  other  substances  are  also 
rrmed.  Fusel  oil  is  a mixture  of  tho  higher  homologues 
ethyl  alcohol ; it  is  usually  present  in  small  quantities 
beers  and  spirits. 

J Manufacture  of  Alcohol  and  Spirits. — Alcohol  is  prepared  on 
•;  large  scale  from  potatoes,  grain,  rice,  and  other  substances 
lh  in  starch.  The  raw  material  is  reduced  to  a pulp  or  paste 
th  water,  mixed  with  a little  malt,  and  the  mixture  kept 
about  60°  for  30-60  minutes,  when  diastatic  fermentation 
ices  place,  and  the  starch  is  converted  into  dextrin  and 
ltose.  After  cooling  to  about  15°,  yeast  is  added,  and 
: mixture  kept  until  alcoholic  fermentation  is  at  an  end. 

! is  possible  to  obtain  alcohol  from  starch  without  the 
of  malt,  since  starch  is  converted  into  dextrose  when 
ikted  with  dilute  sulphuric  acid,  and,  after  neutralising 
h lime,  the.  solution  can  be  fermented  with  yeast.  Alcohol 
also  prepared  from  beet-root,  molasses  (treacle),  and 
er  substances  rich  in  sugar,  by  direct  fermentation  with 
-st. 

Che  weak  solution  of  alcohol  obtained  by  any  of  these 
thods  is  submitted  to  fractional  distillation  in  specially 
structed  apparatus.  The  distil  late  is  known  as  ‘raw  spirit,’ 
1 contains  from  80-95  per  cent,  of  alcohol  and  a small 
nntitv  of  fusel  oil,  which  passes  over  in  spite  of  the  fact 
1 t its  constituents  boil  at  a higher  temperature  than  alcohol 
water. 

for  the  preparation  of  spirits,  liqueurs,  and  other  articles 
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of  consumption,  the  raw  spirit  must  be  freed  as  much  as 
possible  from  fusel  oil,  which  is  very  injurious  to  health. 
For  this  purpose  it  is  diluted  with  water  and  filtered  through 
charcoal,  which  absorbs  some  of  the  fusel  oil.  Finally,  the 
spirit  is  again  fractionally  distilled,  the  portions  which  pass 
over  first  (‘first  runnings’)  and  last  (‘last  runnings’)  being 
collected  separately ; the  intermediate  portions  consist  of 
‘refined’  or  ‘rectified  spirit,’  most  of  the  fusel  oil,  which 
has  not  been  removed,  being  present  in  the  last  runnings. 

For  most  other  purposes  the  separation  of  the  fusel  oil 
is  unnecessary,  and  if  a stronger  alcohol  be  required,  the  raw 
spirit  is  again  fractionated,  or  distilled  over  lime. 

Alcohol  is  used  in  large  quantities  for  the  manufacture  of 
ether,  chloroform,  Ac.,  and  in  the  purification  of  the  alkaloids. 
It  is  employed  as  a solvent  for  gums,  resins,  and  other  sub- 
stances, in  the  preparation  of  tinctures,  varnishes,  perfumes, 
Ac.,  and  is  also  used  in  spirit-lamps.  In  this  country  a 
heavy  excise  duty  has  long  been  levied  on  spirits  of  wine,  a 
fact  which  acted  as  a serious  impediment  to  its  extended  use ; 
but  since  1856  the  Government  has  permitted  the  manufacture 
and  sale  of  methylated  spirit  free  of  duty. 

Methylated  spirit  contains  about  90  per  cent,  of  raw  spirit 
(ethyl  alcohol),  about  10  per  cent,  of  partially  purified  wood- 
spirit  or  methyl  alcohol,  and  a small  quantity  of  paraffin-oil, 
the  addition  of  which  renders  the  alcohol  unfit  for  drinking 
purposes,  without  affecting  its  value  as  a solvent;  methy- 
lated spirit  is  therefore  used  instead  of  alcohol  whenever 
possible,  as  it  is  so  much  cheaper.  Methylated  spirit  cannot 
be  separated  into  its  constituents  by  any  commercial  process, 
but  the  water  and  tarry  and  oily  impurities  can  be  got  rid  of 
almost  completely  by  distilling  with  a little  potash,  and 
then  dehydrating  over  lime ; the  purified  spirit  may  bo 
employed  in  most  chemical  experiments  in  the  place  of  pure 
ethyl  alcohol. 

Alcolwlometry. — In  order  to  ascertain  the  strength  of  a 
sample  of  alcohol — that  is,  the  percentage  of  alcohol  in  pure 
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lueous  spirit,  it  is  only  necessary  to  determine  its  specilic 
uvity  at  some  particular  temperature,  and  then  to  refer  to 
blished  tables,  in  which  the  sp.  gr.  of  all  mixtures  of 
:ohol  and  water  is  given.  If,  for  example,  the  sp.  gr.  is 
rnd  to  be  0-8605  at  15-5°,  reference  to  the  tables  would 
dw  that  the  sample  contained  75  per  cent,  of  alcohol  by 
ight. 

For  excise  and  general  purposes  the  sp.  gr.  is  determined 
th  the  aid  of  hydrometers  graduated  in  such  a manner 
ilt  the  percentage  of  alcohol  can  be  read  oil'  directly  on  the 
le.  The  standard  referred  to  in  this  country  is  proof-spirit, 
iich  contains  49-3  per  cent,  by  weight,  or  57-1  per  cent, 
wolume  of  alcohol  : it  is  defined  by  act  of  parliament  as 
aig  ‘such  a spirit  as  shall  at  a temperature  of  51°  F.  weigh 
,ctly  -}-§ths  of  an  equal  measure  of  distilled  water.’  Spirits 
! termed  under  or  over  proof  according  as  they  are  weaker 
•stronger  than  proof-spirit  : thus  20°  over  proof  means 
t 100  vols.  of  this  spirit  diluted  with  water  would  yield 
> vols.  of  proof-spirit,  whilst  20°  under  proof  means  that 
1 vols.  of  the  sample  contain  as  much  alcohol  as  80  vols. 
proof-spirit.  The  name  proof-spirit  owes  its  origin  to 
practice  in  vogue  during  the  last  century,  of  testing 
strength  of  samples  of  alcohol  by  pouring  them  on  to 
powder  and  applying  a light.  If  the  sample  contained 
111  water,  the  alcohol  burned  away,  and  the  water  made 
powder  so  damp  that  it  did  not  ignite;  but  if  the  spirit 
i strong  enough,  the  gunpowder  took  fire.  A sample 
i ch  just  succeeded  in  igniting  the  powder  was  called  proof- 


or  the  determination  of  alcohol  in  beers,  wines,  and  spirits, 
easured  quantity  of  the  sample  is  distilled  from  a flask 
lected  with  a condenser  until  about  \ d has  passed  over, 
distillate,  which  contains  the  whole  of  the  alcohol,  is  then 
:ed  with  water  to  the  volume  of  the  sample  taken,  and 
p.  gr.  determined  with  a hydrometer ; the  percentage  of 
a 10I  is  found  by  referring  to  the  tables  already  mentioned. 
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Distillation  is  necessary  because  the  sugary  and  other 
extractive  matters  contained  in  the  sample  influence  the  sp. 
gr.  to  such  an  extent  that  a direct  observation  would  he  of  no 
value. 


The  percentage  of  alcohol  by  weight  in  some  of  the  best-known 
fermented  liquors  may  be  roughly  taken  as  being  as  follows  : 


Brandy 

....50% 

Port 

....20% 

Hock 8 % 

Whisky 

...50% 

Sherry... 

■ .16% 

Burton  Ale.. 5-5  % 

trill 

40  % 

Claret. .. 

■•••  7% 

Lager-bier 3 % 

Homologues  of  Ethyl  Alcohol. — The  members  of  the  series 
of  monohydric  alcohols  may  all  he  considered  as  derived  from 
the  paraffins  by  the  substitution  of  the  monovalent  HO- 
group  for  one  atom  of  hydrogen.  Like  the  paraffins,  they 
exist  in  isomeric  forms,  but,  as  two  or  more  isomeric  alcohols 
may  be  derived  from  one  hydrocarbon,  the  number  of  iso- 
merides  is  greater  in  the  alcohol  than  in  the  paraffin  series. 
Propane,  CH3-CH2-CH;j,  for  example,  exists  in  only  one 
form,  but  two  isomeric  alcohols  may  be  derived  from  it 
— namely,  propyl  alcohol,  CH3-CH2*CH,-OH,  and  isopropyl 
alcohol,  CH.j-CH-CHy,  or  CH3-CH(6H).CH3. 

OIL 

In  order  to  distinguish  between  the  various  isomerides,  the 
alcohols  may  be  considered  as  derivatives  of  methyl  alcohol 

(h 

or  carbinol,  CH;i-OH,  or  C<  . Thus,  propyl  alcohol, 

(on 

CH3’ CH • Cll2 • OH,  may  bo  termed  ethyl-carbinol,  because  it 
may  be  considered  as  derived  from  carbinol  by  displacing  one 
atom  of  hydrogen  by  the  ethyl  group  C2H5-.  Isopropyl 
alcohol,  (CH.,).,CHOH,  may  be  called  dimethyl-carbinol,  and 
regarded  as  derived  from  carbinol,  by  substituting  two  methyl 
or  Cll.j—  groups  for  two  atoms  of  hydrogen.  Such  names  as 
these  serve  to  express  the  constitution  of  the  substance,  as 
will  be  seon  by  considering  the  ease  of  the  four  isomeric  butyl 
alcohols,  C4Hb*OH, 
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( CH.,CHoCH..CH.,-OH, 


CCHjr- 

'Cji'r 


IC 


KiH-OH, 


<CH.,-^COH, 
i CH- 


or  C 


or  C- 


or 


or  C- 


fCHo-CHo-CH, 

II 


,OH 

• ,.i./CH| 

h^h. 

H 

OH 

CH, 

c2h5 

H 

lOH 

I oh3 
CH., 

CH'. 

OH' 


Normal  butyl 
alcohol,  or 
propyl  carbinol 
(primary). 

Isobutyl  alcohol, 
or 

isopropyl  carbinol 
(primary). 


Mcthylcthyl  carbinol 
(secondary). 


Trimethyl  carbinol 
(tertiary). 


The  alcohols  are  divided  into  three  classes,  namely,  normal 
or  primary,  iso-  or  secondary,  and  tertiary  alcohols. 

Primary  or  normal  alcohols  (such  as  normal  propyl  alcohol, 
(CH:i-CH2-CH2-OH),  contain  the  group  -CII..-OH,  and  may 
be  considered  as  mono-substitution  products  of  carbinol.  On 
oxidation  with  chromic  acid,  &c.,  they  are  converted  first  into 
aldehydes  (p.  1 1G)  and  then  into  fatty  acids,  (p.  142),  the  group 

-CII2-OH  being  transformed  first  into  - C. J,  and  then 
iinto  -C^q- 


CIT.-CIT/OII  + O = CH3.CHO  + HaO 
CII:(.CHb  + 0 = CH3-COOH. 

These  oxidation  products  contain  the  same  number  of  carbon 


atoms  in  the  molecule  as  the  alcohols  from  which  they  are 
obtained. 

Secondary  or  iso-alcoliols,  such  as  isopropyl  alcohol, 
CII,-CH(011)-CH,,  contain  the  group^>CH-OH,  and  may 
be  regarded  as  di-substitution  products  of  carbinol.  On  oxi- 
lation  they  are  converted  into  ketones  (p.  127)  containing  the 
iamc  number  of  carbon  atoms,  the  grouped  I- OH  becoming 

>co, 


CH3.CH(OH)-CH3  + 0 = CH3-CO-CH3  + 


H.,0. 
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Tertiary  alcohols,  such  as  tertiary  butyl  alcohol, 

, contain  the  group  — C-OH,  and  may  be 

regarded  as  tri-substitution  products  of  carbinol.  On  oxida- 
tion they  yield  both  ketones  and  fatty  acids,  which  contain  a 
smaller  number  of  carbon  atoms  than  the  alcohol  from  which 
they  are  derived,  the  molecule  of  the  latter  being  broken  up. 
Tertiary  butyl  alcohol,  or  trimethyl  carbinol,  (CH3)3C-OH, 
for  example,  yields  acetone,  CH3-CO-CH.,,  acetic  acid, 
CH3-CO-OH,  carbon  dioxide,  and  other  products.  It  could 
not  be  converted  by  simple  loss  of  hydrogen  into  a compound, 

chx 

CH3— ^(JO,  containing  the  same  number  of  carbon  atoms — a 

car 

change  which  would  be  analogous  to  that  undergone  by 
primary  and  secondary  alcohols — because  carbon  is  tetravalent 
and  not  pentavalent,  as  represented  in  this  formula. 

Propyl  alcohol  (normal  ethyl  carbinol),  CH3-CH2-CH2-OH, 
is  one  of  the  principal  constituents  of  fusel  oil,  from 
which  it  is  prepared  by  fractional  distillation.  It  is 
formed  when  propyl  iodide  is  heated  with  freshly  precipitated 
silver  hydroxide, 

C8H7I  + Ag-OH  = C3H7-OH  + Agl. 

It  is  a colourless  liquid  of  sp.  gr.  0-817  at  0°,  boils  at  97°, 
and  is  miscible  with  water  in  all  proportions.  On  oxidation 
with  chromic  acid,  it  is  converted  first  into  propaldehyde  and 
then  into  propionic  acid, 

CH3-CH2-CH2-OH  + 0 - CH:t-CH2-CHO  + H20 

Propaldehyde. 

CH3-CH2-CH2-OII  + 20  = CH3-CH2-CO-OH  + h2o. 

Propionic  Acid. 

Isopropyl  alcohol,  or  dimethyl  carbinol,  (CH3)2CH-OH,  is 
best  prepared  by  the  reduction  of  acetone  in  aqueous  solution 
with  sodium  amalgam, 

CH3-CO-CH3  + 2H  = CH3-CH(OH)-CH3. 


CH 

CHAC(OH) 

CH^ 
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It  is  a colourless  liquid  of  sp.  gr.  0-789  at  0°,  and  boils  at 
81 °,  or  about  16°  lower  than  normal  propyl  alcohol.  On 
oxidation  it  yields  acetone, 

CHs.CH(OH)-CH3  + 0 = CH3-CO-CH3  + H20. 

There  are  four  isomeric  butyl  alcohols,  C4H9  OH.  Normal 
butyl  alcohol,  or  propyl  carbinol, 

may  be  prepared  by  the  reduction  of  butaklehyde, 
CH3-CH2-CH2-CHO,  and  is  produced  during  the  fermenta- 
tion of  glycerol  by  certain  bacteria.  It  boils  at  1 1 7°. 

Isobutyl  alcohol,  or  isopropyl  carbinol,  (CH3)2-CH-CH-.,OH, 
is  contained  in  large  quantities  in  fusel  oil.  It  boils  at  107°. 

Methylethyl  carbinol,  (CH:!)-CH(OH)-C2H5,  is  obtained  by 
the  reduction  of  methyl  ethyl  ketone,  CH.,-CO-C.,H5  (p.  136), 
by  means  of  sodium  amalgam.  It  boils  at  100°. 

Trimethyl  carbinol,  (CH.,):jC-OH,  may  be  prepared  by  the 
i action  of  zinc  methyl,  Zn(CH  ,)2,  on  acetyl  chloride,  CH.-COCl, 

; a reaction  which  is  described  below  (p.  107).  It  may  also  be 
jl  obtained  from  isobutyl  alcohol,  as  explained  later  (p.  108). 

Trimethyl  carbinol  is  one  of  the  few  alcohols  which  are 
li  solid  at  ordinary  temperatures.  It  melts  at  28°,  and  boils 
; at  83-84°. 

Amyl  alcohols,  C5Hu-OH.— Of  the  eight  isomerides  theo- 
' retically  capable  of  existing,  the  following  two  occur  in  fusel  oil : 


I.solmtyl  carbinol, 

(Lsoamyl  alcohol.) 
h .Secondary  butyl  carbinol, 
(Active  amyl  alcohol.) 


CHr^C  H • C Hj,  - C H.,-0  H. 
ch;i-ch|>chch2-oh. 


B.p.  131°. 


These  alcohols  always  occur  in  commercial  amyl  alcohol,  and 
their  boiling-points  lie  so  close  together  that  they  cannot  be 
separated  by  fractional  distillation.  A separation  may,  however, 
i be  accomplished  by  treating  the  mixture  with  sulphuric  acid,  and 
1 thus  converting  both  alcohols  into  the  alkyl  hydrogen  sulphates, 

CsHirOH  + H„S04  = C5H,,-HSO,  + 11,0. 

By  neutralising  these  acid  salts  with  barium  hydrate,  (he  barium 
• salts,  (C5H,I-S04).i!Ba,  are  obtained;  and,  as  the  barium  salt  of  iso- 
butyl carbinol  is  more  sparingly  soluble  than  that  of  active  amyl 
alcohol,  the  two  may  be  separated  by  fractional  crystallisation. 
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From  the  pure  salts  the  respective  alcohols  are  then  obtained  in 
a pure  condition  by  distillation  with  dilute  mineral  acids, 

C8Hu-HS04  + H.,0  = CBH,,-OH  + II2S04. 

Commercial  amyl  alcohol  is  prepared  from  fusel  oil  by  fraction- 
ation, and  is  a mixture  of  about  87  per  cent,  of  isobutyl  carbiuol  and 
about  13  per  cent,  of  active  amyl  alcohol.  It  has  a pungent, 
unpleasant  smell,  boils  at  about  131°,  and  is  used  as  a solvent, 
and  in  the  preparation  of  essences  and  perfumes  (p.  189). 


SUMMARY  AND  EXTENSION. 

The  Monohydric  Alcohols.— Hydroxy-derivatives  of  the  paraf- 
fins of  the  general  formula  CnH2ll+i-OH. 

The  more  important  members  of  the  scries  are  the  following. 
The  letters  p.,  s.,  t.,  in  brackets,  denote  primary,  secondary,  and 
tertiary. 

Name  and  composition. 

Methyl  alcohol  (p.) CH.,-OH, 

Ethyl  alcohol  (p. ) C2Hj-OH, 

Propyl  alcohol  (p.) 1 


-J 


0,11,-011, 


}o4hb-oh. 


13.  p. 

Sp.  gr. 

66° 

0-812  at  0° 

78° 

0-806  „ 

97° 

0-817 

83° 

0-816 

117° 

0-823 

108° 

0-816  „ 

83° 

0-786  at  20' 

99° 

0-82/  i, 

128° 

II 

132° 

0-825  „ 

Isopropyl  alcohol  (s. ) 

Butyl  alcohol,  (p.) 

Isobutyl  alcohol  (p.) 

Tertiary  butyl  alcohol  (t. 

Methylethyl  carbinol  (s.  )J 
Active  amyl  alcohol  (p. ).. 

Isoamyl  alcohol  (p.) C H -Oil 

Six  other  isomerides  of  j “ 11 
little  importance J 

Methods  of  Preparation. — Methyl  alcohol  is  prepared  from  the 
products  of  the  dry  distillation  of  wood.  Ethyl  alcohol  is  obtained 
by  the  alcoholic  fermentation  of  sugar  by  means  of  yeast ; the 
fusel  oil  produced  at  the  same  time  contains  propyl,  isobutyl,  active 
amyl,  and  isoamyl  alcohols. 

The  alcohols  are  formed  when  the  halogen  substitution  products 
of  the  paraffins  are  heated  with  water,  dilute  aqueous  alkalies,  or 
freshly  precipitated  silver  hydroxide, 

C H3Br  + KOH  = CH3 ■ 0 H + K Br  C;1H7I  + Ag.OH  = C3H7-OH  + AgI ; 
more  readily  by  heating  these  halogen  derivatives  with  silver  or 
potassium  acetate,  and  decomposing  the  products  with  potash, 

C2H5I  + C2H;iOoAg  = C„H5-CoH:,02  + Agl 

Silver  Acetate.  Ethyl  Acetate. 

C.,IE-C.,HA  + KOH  = CjHj-OH  + C2Hs02K. 


THE  MONOllYDUUJ  ALCOHOLS. 


107 


This  method  gives  very  good  results,  and  is  much  used  in  the 
preparation  of  the  higher  alcohols,  because  the  halogen  derivatives 
of  the  higher  paraffins  (such  as  hexyl  chloride,  CBII  1;iC'l),  when 
treated  directly  with  alkalies,  are  mainly  converted  into  olefines, 

C H C 1 1 v < ' H „•  C H .>■  C H2- CH 2C1  + KOH 
= CH3CH.2CHo-CHoCH:CH2  + KC1  + 11,0, 
so  that  the  yield  of  alcohol  is  small. 

Alcohols  are  also  formed  when  the  hydrocarbons  of  the  olefine 
series  are  dissolved  in  sulphuric  acid,  and  the  solutions  boiled  with 
water, 

C,H,;  + H,S04  = C3H7-HS04 
C3H7HS04  + 11,0  = c3h7-oh  + h,so41 

and  when  aldehydes  and  ketones  are  reduced  with  nascent  hydro- 
gen, aldehydes  giving  primary,  ketones  secondary  alcohols, 

CH.,  CH,-CHO  + 2H  - CH3-( )11 
CH.CO-CTL  + 211  = CH3CH(OH)-CH3. 

Tertiary  alcohols  are,  as  a rule,  more  difficult  to  obtain  than  the 
primary  or  secondary  compounds  ; they  are  usually  prepared  by 
gradually  adding  the  chloride  of  a fatty  acid  to  excess  of  a zinc 
alkyl  derivative.  Thus  acetyl  chloride,  CH3  C0C1,  acts  on  zinc 
methyl,  Zn(CH3)2,  forming  a compound  which,  when  treated  with 
water,  yields  trimethyl  carbinol,  (CH3)3C-01I. 

In  this  reaction  the  zinc  methyl  and  acetyl  chloride  form  a 
crystalline  compound 

/0-Zn01I3 

Clla-C(  + Zn(CH:i),  = CH3-cAlI., 

XC1  Njl 

which  is  then  very  slowly  acted  on  by  a further  quantity  of  zinc 
methyl, 

/O-Zn-CH..  /(J-ZmCH.. 

Clbi-CAtMl,.,  + Zn(CH3).,  = CH3Cf  CM.,  + CH.-Zn-Cl. 

Cl  xCH3 

this  product  is  decomposed  by  water,  when  trimethyl  carbinol, 
methane,  and  zinc  hydroxide  are  obtained, 

/<>  Zn-CII.,  .Oil 

OHj-Cn-CH.,  * = CI1;-C  ('ll.,  + Zn(0 1 1 ).,  + CM, 

H3  \CII3 

Other  tertiary  alcohols  may  be  prepared  by  employing  other  zinc 
alkyl  compounds  and  other  acid  chlorides. 

Conversion  of  Primary  into  Secondary  and  Tertiary  Alcohols.— 
A secondary  alcohol  may  be  prepared  from  the  corresponding 
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primary  compound  by  first  converting  the  latter  into  an  olefine  by 
treating  with  dehydrating  agents  such  as  H2S04,  ZnCl2,  and  H.Oj, 
CH3CH.,-CH.,UH  = CHSCH:CH,  + 11,0. 

The  olefine  is  then  dissolved  in  fuming  sulphuric  acid,  when  an 
alkyl  hydrogen  sulphate  is  formed,  the  S04H-  group  uniting  with 
that  carbon  atom  which  is  combined  with  the  least  number  of 
hydrogen  atoms, 

CH3CH:CH.,  + H,S04  = £J53>ch-so4h. 

The  alkyl  hydrogen  sulphate  is  finally  converted  into  a secondary 
alcohol  by  boiling  with  water, 


£{{!>CH.S04H  + H,0  = 


CH 


^PCHOIl  + H,S04. 


In  a similar  manner,  a primary  alcohol,  such  its  isobutyl  alcohol, 
may  be  converted  into  the  tertiary  alcohol,  trim'ethyl  carbinol, 


CH?\ 


CH 


OCHCH.OH 


,CH^ 

CHr 


C:CH, 


CH^p^CH., 

‘CH^^OH 


_ CH^ 

CH.f 


P^CH;, 

°^S04H 


Physical  Properties. — No  gaseous  alcohols  are  known.  The 
members  up  to  C^H^O  are,  with  few  exceptions,  neutral,  colourless 
liquids,  possessing  a characteristic  odour  and  a burning  taste. 
Trimethyl  carbinol  and  all  the  higher  alcohols,  such  as  cetyl  alcohol, 
CifiHgg-OH,  which  occurs  in  spermaceti  in  combination  with 
palmitic  acid,  and  melissyl  alcohol,  C:l(,Hin-() H,  which  is  found  in 
beeswax,  also  in  combination  with  palmitic  acid,  are  solids. 
Methyl,  ethyl,  and  the  propyl  alcohols  are  miscible  with  water, 
but  as  the  series  is  ascended,  the  solubility  in  water  rapidly 
decreases,  the  amyl  alcohols,  for  example,  being  only  sparingly 
soluble.  The  alcohols  are  miscible  in  all  proportions  with  most 
organic  liquids. 

The  sp.  gr.  gradually  increases,  and  the  boiling-point  rises  on 
passing  up  the  series  ; moreover,  the  primary  alcohols  boil  at  a 
higher  temperature  than  the  secondary,  and  the  latter  at  a higher 
temperature  than  the  tertiary  isomerides,  as  shown  in  the  table 

(p.  100). 

Chemical  Properties—  The  fact  that  the  alcohols  interact  with 
other  compounds  so  much  more  readily  than  the  paraffins  is  due  to 
the  presence  of  the  hydroxyl  group,  the  rest  of  the  molecule 
remaining  unchanged,  except  under  exceptional  circumstances. 
In  many  reactions  the  alcohols  behave  as  alkyl  substitution  pro- 
ducts of  water ; in  others,  their  similarity  to  metallic  hydroxides 
is  more  marked. 
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They  dissolve  sodium  and  potassium  with  evolution  of  hydrogen, 
2C;,H7-OH  + 2Na  = 2C3H7-ONa  + H,. 

They  interact  with  acids,  forming  neutral  or  acid  ethereal  salts, 
such  as  CH.C1,  C2H5Hr,  (C2H3)2S04,  C3H7-HS04. 

They  are  converted  into  halogen  derivatives  of  the  paraffins, 
when  treated  with  PClg,  PC13,  POCl3,  or  with  the  corresponding 
bromo-derivatives, 

PClj  + C:,H7OH  = C3II7(J1  + POCl3  + HC1. 

They  are  converted  into  olefines  by  dehydrating  agents,  such  as 
H2SOj,  and  ZnCl2, 

CH;1CH2OH  = CH„:CH2  + 11,0. 

The  action  of  oxidising  agents  varies  with  the  nature  of  the 
alcohol.  Primary  alcohols  are  converted  into  aldehydes,  and  then 
into  fatty  acids,  secondary  alcohols  into  ketones,  and  in  both  cases 
the  oxidation  products  contain  the  same  number  of  carbon  atoms  in 
the  molecule  as  the  alcohol  from  which  they  are  formed, 
CH.,.CH.,.CH2-OH  + 0 = CH.,-CH2-CHO  + 11, 0 
CH3CH(OH)"CH3  + O = CH:i-C0CH3  + H.,0. 

Tertiary  alcohols  do  not  yield  oxidation  products  containing  the 
same  number  of  carbon  atoms  as  the  alcohol,  but  are  decomposed, 
giving  simpler  acids  or  ketones. 


CHAPTER  V I I. 

THE  ETHERS. 

The  ethers,  such  as  methyl  ether,  CH.^O-CIT.,,  methyl 
ethyl  ether,  CH3-0-C.,H5,  Ac.,  are  substances  which  contain 
an  oxygen  atom  united  to  two  hydrocarbon  groups,  such 
as  CH;i-,  C.,1 1--,  and  C;JH7-.  They  arc  related  to  the  metallic 
oxides  in  the  same  way  as  the  alcohols  to  the  metallic 
hydroxides. 

CH.j-OH  corresponds  to  K-OH 
CH.pO-CH.,  o n K-O-K. 

Methyl  ether,  CH:i  U-CH:),  may  lie  prepared  by  the  action 
of  sulphuric  acid  or  other  suitable  dehydrating  agent  on 
methyl  alcohol, 

2CH.,-OH  = CH;i-0-CH;t  + 11,0. 
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It  is  a gas  which  liquefies  at  —23°,  anil  dissolves  readily  in 
water  (1  vol.  of  water  dissolves  37  vols.  of  methyl  ether). 
Ethyl  ether,  ether,  or  sulphuric  ether, 

C4ni0O  or  C2H5.O.C2H5, 

is  formed,  together  with  sodium  iodide,  when  sodium  ethoxide 
is  warmed  with  ethyl  iodide, 

C2ir5.OXa  + C2H6I  = C2H5.O.C2H5  + Xal. 

It  is  also  produced  when  ethyl  alcohol  is  heated  with  sulphuric 
acid,  zinc  chloride,  or  other  dehydrating  agent, 

2C,H5-OH  = C2H5-0-C2H5  + 11,0. 

Ethyl  ether  is  prepared  by  the  following  method  : 

A mixture  of  five  parts  of  90  per  cent,  alcohol  and  nine 


parts  of  concentrated  sulphuric  acid  is  heated  in  a flask  fitted 
with  a tap  funnel  and  thermometer,  and  connected  with  a 
condenser  (fig.  17).  As  soon  as  the  temperature  rises  to  110° 
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the  mixture  begins  to  boil,  and  ether  distils  over.  Alcohol  is 
now  slowly  run  in  from  the  tap  funnel,  the  temperature  being- 
kept  at  140-145°,  and  the  process  continued  until  a consider- 
able quantity  of  ether  has  collected.  The  crude  product  in  the 
receiver  is  a mixture  of  ether,  alcohol,  and  water,  and  contains 
sulphur  dioxide.  It  is  shaken  with  dilute  soda  in  a separat- 
ing funnel ; the  layer  of  ether  which  collects  on  the  surface  is 
then  separated,  dried  over  calcium  chloride  or  quicklime,  and 
purified  by  redistillation  from  a water-bath.  The  ether  still 
contains  traces  of  water  and  alcohol,  which  may  be  got  rid  of 
by  adding  pieces  of  bright  sodium,  allowing  to  stand  for  some 
time,  and  again  distilling.  Sodium  ethoxide  and  sodium 
hydroxide  remain,  and  pure  ether  passes  over. 

The  formation  of  ether  from  alcohol  takes  place  in  two 
stages.  "When  alcohol  is  heated  with  sulphuric  acid,  it  is 
converted  into  ethyl  hydrogen  sulphate  (p.  182), 


C.2H5-OH  + H,S04  = C,H5-HS04  + H,0 ; 

this  compound  then  interacts  with  alcohol,  yielding  ether  and 
sulphuric  acid, 

c2h5-hso4  + c2h5.oh  •=  C,H5.0-C2H5  + II2S04. 

That  this  is  the  true  explanation  of  the  formation  of  ether, 
lis  shown  by  the  fact  that  ether  is  formed  when  pure  ethyl 
hydrogen  sulphate  is  heated  with  alcohol. 

isow,  since  the  sulphuric  acid  necessary  for  the  conversion 
of  the  alcohol  into  ethyl  hydrogen  sulphate  is  regenerated 
■ when  the  latter  is  heated  with  alcohol,  a given  quantity  of 
•the  acid  might,  theoretically,  convert  an  unlimited  quantity 
of  alcohol  into  ether.  As  a matter  of  fact,  a.  small  quantity 
of  sulphuric  acid  can  transform  a very  large  quantity  of 
alcohol  into  ether,  but  the  process  has  a limit,  because  the 
acid  becomes  diluted  by  the  water  formed  in  the  first  stage  of 
'the  reaction,  and  part  of  it  is  reduced  by  the  alcohol  with 
formation  of  sulphur  dioxide.  This  method  of  preparing 
ether,  by  the  continuous  addition  of  alcohol  to  a solution  of 
alcohol  in  sulphuric  acid,  is  termed  the  continuous  process. 
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Ether  is  a colourless,  mobile,  neutral,  pleasant-smelling 
liquid  of  sp.  gr.  0736  at  0°.  It  boils  at  35°,  and  does  not 
solidify  at  — 80°.  It  is  very  volatile,  and  highly  inflammable, 
its  vapour  forming  an  explosive  mixture  with  air  or  oxygen, 


C4H10O  + GOo  = 4C02  + 5H,0, 

so  that  all  experiments  in  which  ether  is  used  should  he 
conducted  at  a considerable  distance  from  all  flames  or  hot 
objects.  Ether  is  soluble  in  about  ten  times  its  own  volume 
of  water,  and  is  miscible  with  alcohol  and  other  organic  liquids 
in  all  proportions. 

Compared  with  alcohol,  ether  is  a very  indifferent  sub- 
stance. It  is  not  acted  on  by  sodium  or  potassium,  by 
alkalies  or  weak  acids,  or  by  phosphorus  pentachloride  in 
the  cold.  Concentrated  acids,  however,  decompose  ether,  with 
formation  of  ethereal  salts  (p.  171), 


(C.2H8).,0  + 2H2S04  = 2C.,H5-HS04  + H.,0 
(G,H5)'0  + 2HI  = 2C,H8I  + H20. 

Ether  is  used  in  considerable  quantities  in  surgery  as 
an  anaesthetic,  since,  like  chloroform,  it  causes  insensibility 
when  inhaled ; it  is  also  very  largely  employed  as  a solvent 
for  resins,  fats,  oils,  alkaloids,  &c. 

Constitution  of  Ether. — Since  ether  is  produced  by  the 
action  of  ethyl  iodide,  C2H5I,  on  sodium  ethoxide,  C2H5-01STa, 
it  may  be  concluded  that  it  is  formed  by  the  substitution 
of  the  monovalent  C,H5-  group  for  the  sodium  atom,  and  its 
constitution  may  be  expressed  by  the  formula  C.2H5-0-C.,H5. 
The  same  conclusion  is  arrived  at  from  the  fact  that  ether  is 
formed  when  1 mol.  of  H.,0  is  taken  away  from  2 mols.  of 
alcohol  by  the  action  of  dehydrating  agents, 


C.,Hr  OH  H | OC,H5  = C,H5-0-C.,H5  + H,0. 


When  represented  by  this  formula,  several  facts  concerning 
the  behaviour  of  ether  are  brought  to  mind.  Ether,  unlike 
alcohol,  contains  no  HO-  group,  and  therefore  it  is  not 
acted  on  by  sodium  or  potassium,  or  by  phosphorus  penta- 
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hhloride  ; and,  not  being  a hydroxide,  it  does  not  interact 
/itli  acids  to  form  an  ethereal  salt  and  water.  Ether  may  be 
regarded  as  the  anhydride,  of  alcohol,  as  it  is  formed  from 
ilcohol  (2  mols.)  by  the  removal  of  the  elements  of  water, 
ist  in  the  same  way  as  nitric  anhydride  is  formed  from 
itric  acid, 

(C,Il5-OH  = (C,H5),0  + H,U  2X0, -OH  = (X0,),0  + 11,0. 

ttlier  may  also  be  compared  with  the  metallic  oxides  and 
egarded  as  ethyl  oxide,  since  it  is  related  to  alcohol  or  ethyl 
vydroxide  in  the  same  way  as  the  metallic  oxides  to  the 
letallic  hydroxides, 

C2H5-OH  C,H5.O.C,H,  or  (C,Hb),0 
KOH  K-O-K  or  K00. 

jinallv,  it  may  be  regarded  as  a di-substitution  product  of 
alter,  the  mono-substitution  product  being  the  corresponding 
cohol, 

H • 0 • H C,H5-  O • H C,H-- 0 ■ C,H-. 

The  h.nmologues  of  ether  are  very  similar  to  ethyl  ether  in 
operties. 

SUMMARY  AND  EXTENSION. 

'Some  of  the  more  important  higher  ethers  are  the  following  : 
LDiprojryl  ether  (CH:,-CH,-CH,),0 B.p.  90  7° 

I Di-isopropyl  ether  (qjj?!>CH),0 „ 09° 


i Di-isobutyl  ether  ([  TI.,).,( ) ,,  122 

Di -isoamyl  ether  ( C,Hn),() „ 170-175° 


t General  Methods  of  Formation. — The  ethers  may  he  obtained 
I treating  the  sodium  compounds  of  the  alcohols  with  the  alkyl 
logon  compounds, 

CH3ONa  +CH3I  = CH3OC'H3  + Nal ; 
t they  are  usually  prepared  hv  heating  the  alcohols  with 
phuric  acid.  If  a mixture  of  two  alcohols  he  treated  with 
plmric  acid,  three  ethers  are  formed.  A mixture  of  methyl  and 
iyl  alcohols,  for  example,  yields  methyl  ether,  ethyl  ether,  and 
thyl  ethyl  ether,  Cll:;d).C.,Ht.  The  formation  of  the  two  lirst- 
ned  compounds  will  he  understoo<l  from  the  eipiations  given 
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above  in  the  case  of  ethyl  ether.  Methyl  ethyl  ether  is  produced 
hy  the  interaction  (a)  of  methyl  hydrogen  sulphate,  and  ethyl 
alcohol,  (b)  of  ethyl  hydrogen  sulphate  and  methyl  alcohol, 

CH3-HS04  + CaHe'OH  = CH,-0-C.,H,  + H„S04 
C2H8-HS04  + ch3-oh  = c2h8-o-ch3  + h2so4. 

All  ethers,  such  as  methyl  ethyl  ether,  CH3-0-C2H5,  which  contain 
two  different  hydrocarbon  groups,  are  termed  mixed  ethers,  to  distin- 
guish them  from  simple  ethers,  such  as  ethyl  ether,  C2H5-0-C2H5, 
and  those  given  in  the  above  table,  which  contain  two  identical 
groups.  Mixed  ethers  can  also  be  obtained  by  treating  the  sodium 
compounds  of  the  alcohols  with  alkyl  halogen  compounds, 

CH3-ONa  + C3H7I  = CH3-0-C3H7  + Nal. 

General  Properties. — 'With  the  exception  of  methyl  ether,  which 
is  a gas,  the  ethers  are  mobile,  volatile,  inflammable  liquids,  speci- 
fically lighter  than  water;  they  all  boil  at  a much  lower  temper- 
ature than  the  corresponding  alcohols.  In  chemical  properties 
they  closely  resemble  ethyl  ether.  They  are  not  acted  on  by 
alkalies  or  alkali  metals,  and  do  not  combine  with  dilute  acids; 
but  they  are  decomposed  when  heated  with  strong  acids,  yielding 
ethereal  salts, 

(C.,H,).,0  + 214,, SO,  = 2C.,H8-HSO,  + H.,0 
CH3-0-CoMr,  + 2H13r  = CH3Br  + C2H,Br  + 14,0. 

Chlorine  and  bromine  act  on  ethers,  forming  substitution  products 
such  as 

CH2C1-0  CH3,  Cf4.jBr-0-CH.jBr,  C2H,-0-C2H4Cl,  Ac. 

Metamerism. — The  ethers  exist  in  isomeric  forms.  There  are,  for 
example,  three  compounds  of  the  formula  C4fI]0O, 

CH3-0-CH2-CH2-CH3  CH3-0-CH<£J{3  C II , • C H o • 0 • C 14 • C II 3. 

Methyl  Propyl  Ether.  Methyl  Isopropyl  Ether.  Ethyl  Ether. 

Substances  such  as  these,  which  have  the  same  molecular  formula, 
but  in  which  all  the  carbon  atoms  in  the  molecule  are  not  directly 
united,  are  called  metamcric  ; the  phenomenon  is  called  metamerism, 
and  the  several  compounds,  metamers.  Metamerism  is  simply  a 
particular  form  of  isomerism,  and  there  is  no  real  distinction 
between  the  two,  the  different  terms  being  used  purely  for  the 
sake  of  convenience. 

RADICLES. 

On  studying  the  equations  which  represent  the  interactions 
of  alcohols,  ethers,  &c.,  it  is  evident  that  certain  groups  of 
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atoms  often  remain  unchanged  during  a whole  series  of  double 
decompositions.  Ethvl  chloride,  for  example,  may  bo  converted 
iinto  ethyl  alcohol,  the  latter  may  be  transformed  into  ethyl 
i iodide,  and  this  again  may  be  converted  into  butane,  but 
during  all  these  interactions  the  group  C0I remains 
unchanged,  and  behaves,  in  fact,  as  if  it  were  a single  atom, 

C2H6-C1  + H-OH  = C„H5-OH  + HC1 
C2H5.OH  + HI  = C2H5-I  + H.,0 
2C2H5-I  + 2Na  = C2H5-C,H5  + 2XaI. 

^Numerous  examples  of  a similar  kind  might  bo  quoted; 
.amongst  others,  the  changes  by  which  the  five  compounds, 
<CH3-CI,  CHs-OH  CH3.0-CH3,  CH.,.1,  and  CH3-CH3,  may 
be  successively  transformed  one  into  the  other. 

Groups  of  atoms,  such  as  C.,ir5-  and  CIT.t— , which  act 
like  single  atoms,  and  which  enter  unchanged  into  a number 
of  compounds,  are  termed  radicles,  or  sometimes  compound 
radicles. 

Radicles  may  be  monovalent,  divalent,  &c.,  according  as 
they  act  like  monad,  dyad,  &c.,  atoms;  the  radicles  C.,H5- 
and  CH3-,  for  example,  are  monad  radicles,  because  tlu-y 
combine  with  one  atom  of  hydrogen  or  its  valency  equivalent, 
as  shown  in  the  above  equations. 

the  name  alkyl  or  alcohol  radicle  is  given  to  all  the  mono- 
valent groups  of  atoms  which  are,  theoretically,  obtained  on 
taking  away  one  atom  oi  hydrogen  from  the  paraffins,  methane, 
ethane,  propane,  butane,  &c.  ; the  distinctive  names  of  these 
' radicles  are  derived  from  those  of  the  hydrocarbons  by 
! changing  one  into  ///,  thus:  methyl , GH.r;  ethyl,  C.,Ur-  or 
oHg-GHg-  ; l>vo]ti/l,  C31 17-  or  Cl  T.,- Cl  I ., • ( '1 1.,  ; isopropyl, 
p3II7-or  (CH3)2CII- ; butyl,  C4Hfl-  or  CH.-CII.-CH^CII.,- ; 

; isobutyl , C4H9-  or  (f'H3)2CII-CH,-,  &c. 

The  compounds  formed  by  the  combination  of  these  hypo- 
thetical alkyl  radicles  with  hydrogen,  as,  for  example,  Cl  I -II, 
UH..U,  C3Ht-H,  are  named  collectively  the  alley/  hydrides, 
pnd  are  identical  with  the  paraffins;  the  corresponding 
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chlorine  compounds,  such  as  CH3-C1,  C2H5-C1,  C3HV-C1,  are 
termed  the  alkyl  chlorides,  and  so  on.  The  letter  R is 
frequently  employed  to  represent  an  alkyl  radicle,  as,  for 
example,  in  the  formulae.  R-OH  (alcohols)  and  R-O-R  (simple 
ethers). 

The  name  alkylene  is  given  to  the  divalent  radicles,  which 
(except  methylene)  may  be  actually  obtained  by  taking,  away 
two  atoms  of  hydrogen  from  the  paraffins.  The  alkylenes  are 
methylene,  CH,2  = ; ethylene,  C2H4  = ; propylene,  C3H6  = ; buty- 
lene, C4H8  = , &c. ; and  the  compounds  which  they  form,  with 
chlorine,  for  example,  such  as  CH2:C12,  C„H4:C1.„  are  termed 
collectively  the  alkylene  chlorides,  &c. 

Trivalent  hydrocarbon  radicles,  such  as  glyceryl,  C3H5s,  are 
seldom  met  with,  and  will  be  mentioned  later. 

Other  radicles  frequently  met  with  are : hydroxyl,  — OH  ; 
carbonyl,  = CO ; carboxyl,  - CO- OH  ; cyanogen,  - CN  ; acetyl, 
- CO-CHg,  See.  The  true  significance  of  the  term  radicle 
will  be  more  easily  understood  when  a greater  number  of 
organic  compounds  has  been  considered. 


The  aldehydes  form  a homologous  series  of  the  general 
formula  CMH2nO,  or  CnH2n  + 1-CIIO;  they  are  derived  from 
the  primary  alcohols  C„H.,m  + 4-CH.,-OH  by  the  removal  of 
two  atoms  of  hydrogen  from  the  -CH..-OH  group, 


The  word  aldehyde  is  a contraction  of  a/cohol  dehydvogenatiun, 
this  name  having  been  originally  given  to  acetaldehyde, 
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(because  it  is  formed  when  hydrogen  is  taken  from  alcohol 
by  a process  of  oxidation. 

Formaldehyde,  or  methaldehyde,  H-CHO,  is  said  to  occur 
in  those  plant  cells  which  contain  the  green  colouring 
matter,  chlorophyll,  and  is  possibly  an  intermediate  product 
in  that  wonderful  process — the  formation  of  starch  and  sugars 
from  the  carbon  dioxide  which  the  plant  absorbs  from  the  air. 

Formaldehyde  is  produced  when  calcium  formate  is  sub- 
jected to  dry  distillation, 

(H-COO)X’a  - H-CHO  + CaCO;i, 

and  is  prepared  by  passing  a stream  of  air,  saturated  with 
Ithe  vapour  of  methyl  alcohol,  through  a tube  containing  a 
copper  spiral,  or  platinised  asbestos,  heated  to  dull  redness  ;* 
the  change  is  a process  of  oxidation, 

CH.j-OH  + 0 = H-CHO  + H,0. 

The  pungent-smelling  liquid  which  collects  in  the  receiver 
may  contain,  under  favourable  conditions,  as  much  as  30-40 
per  cent,  of  formaldehyde,  together  with  methyl  alcohol  and 
water.  On  evaporating  the  solution  on  a water-bath  or  even 
at  ordinary  temperatures,  the  formaldehyde  gradually  under- 
goes change  (polymerisation),  and  is  converted  into  para- 
formaldehyde, which  remains  as  a white  solid. 

The  formation  of  formaldehyde  may  be  readily  demon- 
strated by  heating  a spiral  of  platinum  wire  to  dull  redness 
and  quickly  suspending  it  over  methyl  alcohol  contained  in  a 
beaker ; the  spiral  begins  to  glow,  and  irritating  vapours  are 
rapidly  evolved,  a slight  but  harmless  explosion  usually 
;aking  place. 

Formaldehyde  is  only  known  in  dilute  solution  and  in 
die  state  of  a gas  at  high  temperatures  (see  below).  That 
t would  probably  be  a gas  at  ordinary  temperatures  may 
ie  inferred  by  considering  the  boiling-points  of  the  next 
ligher  members  of  the  series.  Since  the  difference  between 
die  boiling-points  of  two  consecutive  aldehydes  such  as 

* Unless  special  precautions  be  taken,  explosions  frequently  occur. 
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propalduhyde,  C.2H5-CIIO  (49°),  and  acetaldehyde,  CH.,-CHO 
(20°-8),  is  about  28°,  formaldehyde  would  probably  boil  at 
about  — 7°,  or  28°  lower  than  acetaldehyde.*  Aqueous 
solutions  of  formaldehyde  have  a very  penetrating,  suffoca- 
ting odour  and  a neutral  reaction  ; they  have  also  a powerful 
reducing  action,  since  formaldehyde  readily  undergoes  oxi- 
dation, yielding  formic  acid, 

H-CHO  + 0 = H-COOII. 

When  its  aqueous  solution  is  mixed  with  an  ammoniacal 
solution  of  silver  oxide,  the  latter  is  reduced,  a silver  mirror 
being  obtained, 

H-CHO  + Ag20  = 1I-COOH  + 2Ag; 

mercuric  chloride  is  also  reduced,  first  to  mercurous  chloride, 
then  to  mercury. 

When  formaldehyde  is  treated  with  reducing  agents,  it  is 
converted  into  methyl  alcohol, 

H-CHO  + 2H  = H-CH.-OH. 

When  a concentrated  aqueous  solution  of  formaldehyde  is  mixed 
with  a saturated  solution  of  sodium  hydrogen  sulphite,  direct  com- 
bination takes  place,  a compound  of  the  constitution  0H-CH2-S03Na 
being  formed.  Formaldehyde  interacts  with  hydroxylamiue  in 
aqueous  solution,  yielding  formcddoxime, 

H-CHO  + NHn-OH  = 1I-CH : NOH  + ICO, 

a substance  which  is  only  known  in  solution  since  it  very  readily 
undergoes  polymerisation. 

Constitution. — Since  carbon  is  tetravalent,  there  is  only 
one  way  of  expressing  graphically  the  constitution  of  formal- 
dehyde, CH.,0,  namely,  by  the  formula  H-C^q.  In  the 

formation  of  formaldehyde  by  the  oxidation  ot  methyl 
alcohol,  CH.-O-H,  the  hydrogen  atom  of  the  HO-  group 
and  one  of  the  atoms  combined  directly  with  carbon  aie 

* As  a rule,  the  lowest  member  of  a homologous  series  shows  a somewhat 
abnormal  behaviour,  and  its  properties  cannot  be  foretold  with  as  much 
certainty  as  in  the  case  of  the  higher  members. 
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taken  away.  The  carbon  and  oxygen  atoms  in  formaldehyde 
re  therefore  represented  in  a state  of  combination  different 
from  that  existing  in  methyl  alcohol — namely,  as  joined 
oy  two  lines  instead  of  one.  Formaldehyde  behaves  in 
ome  ways  like  an  unsaturated  compound,  capable  of  forming 
i dditive  products,  because,  under  certain  conditions,  it  may 


ct  as  if  it  had  the  constitution  H-C 


/H 

X)- 


In  aqueous  solution 


:t  probably  exists  to  some  extent  as  the  hydrate  CH.,(OH)„. 

Paraformaldehyde,  (CH.,0)h,  is  formed,  as  stated  above, 
when  an  aqueous  solution  of  formaldehyde  is  evaporated ; 
- 1 is  a colourless,  amorphous  substance,  sublimes  readily, 
n.nd  melts  at  171°.  When  strongly  heated,  it  is  completely 
iecomposed  into  pure,  ijaseous  formaldehyde,  CH.,0,  as  is 
-Droved  by  vapour  density  determinations ; but  as  the  gas 
ools,  paraformaldehyde  is  again  produced.  When  para- 
ormaldeliyde  is  heated  with  a large  quantity  of  water,  it  is 
econverted  into  formaldehyde. 

The  relation  between  formaldehyde  and  paraformaldehyde 
•3  similar  to  that  between  yellow  and  red  phosphorus,  or 
-jet ween  the  allotropic  modifications  of  elements  in  general, 
ust  as  yellow  is  converted  into  red  phosphorus  on  heating, 
o formaldehyde  is  converted  into  paraformaldehyde;  and 
ust  as  red  is  changed  into  yellow  phosphorus  on  heating 
I lore  strongly,  so  paraformaldehyde  is  changed  into  formal- 
ehyde.  Here,  however,  the  similarity  in  behaviour  ends, 

■ ince  the  gaseous  formaldehyde  changes  into  paraformaldehyde 
n cooling. 


The  dificrent  forms  in  which  a definite  compound  may 
xist  are  termed  polymeric  forms  or  modifications,  such 
inns  being  in  many  respects  similar  to  the  allotropic  forms 
f the  elements — that  is  to  say,  a polymeric  form  is  simply  an 
:Soreoatc  of  the  molecules  of  the  original  substance,  and  the 
hange  of  the  simple  into  a complex  form  is  spoken  of  as 
olymerisation.  Paraformaldehyde  is  a polymeric  form  or 
polymeride  or  polymer  of  formaldehyde,  and  its  molecule 
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consists  of  two  or  more  ( n ) molecules  of  formaldehyde 
united  to  form  a complex  molecule  (CH20)n. 

Formaldehyde  forms  several  polymeric  modifications,  and  the 
readiness  with  which  it  undergoes  polymerisation  is  one  of 
its  most  characteristic  properties.  When  its  aqueous  solution 
is  treated  with  lime-water  or  other  weak  alkali,  formaldehyde 
undergoes  polymerisation  into  farinose,  a mixture  of  sub- 
stances, some  of  which  have  the  composition  (CH.,0)6  or 
C6H120R,  and  belong  to  the  sugar  group.  This  reaction  is 
of  great  interest,  since  it  shows  that  complex  vegetable  sub- 
stances such  as  the  sugars  may  be  formed  by  very  simple 
means. 

Methylal,  CH.,(OCH3)„  is  an  important  derivative  of  formal- 
dehyde. It  may  be  obtained  by  boiling  aqueous  formal- 
dehyde with  methyl  alcohol  and  a small  quantity  of  sul- 
phuric acid,  but  is  usually  prepared  by  oxidising  methyl 
alcohol  with  manganese  dioxide  and  sulphuric  acid,  the 
formaldehyde  first  produced  combining  with  the  unchanged 
methyl  alcohol, 

H-CHO  + 2CH3.OH  = H-CH(OCH3)2  + H.,0. 
Methylal,  a pleasant-smelling  liquid,  which  boils  at  42°  and 
is  readily  soluble  in  water,  is  used  in  medicine  as  a soporific. 
When  distilled  with  dilute  sulphuric  acid,  it  is  resolved  into 
methyl  alcohol  and  formaldehyde,  a reaction  which  may  be 
conveniently  employed  for  preparing  the  latter. 

Acetaldehyde,  or  ethaldehyde,  CH3-CHO,  is  contained  in 
the  ‘first  runnings’  obtained  in  the  rectification  of  refined 
spirit  (p.  100),  having  been  formed  by  the  oxidation  of  the 
alcohol  during  the  process  of  filtration  through  charcoal ; 
it  is  formed  when  a mixture  of  calcium  acetate  and  calcium 
formate  is  submitted  to  dry  distillation, 

(CH3-COO)2Ca  + (H-COO)2Ca  = 2CHs.CHO  + 2CaCO.t, 
and  is  prepared  by  oxidising  alcohol  with  potassium  bichrom- 
ate and  sulphuric  acid, 

CH3-CH2OH  + O = CH3-CHO  + H20. 
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Coarsely  powdered  potassium  bichromate  (3  parts)  and  water 
(12  parts)  are  placed  in  a capacious  flask  fitted  with  a tap- 
funnel  and  attached  to  a condenser,  and  a mixture  of  alcohol 
(3  parts)  and  concentrated  sulphuric  acid  (4  parts)  is  then 
run  in  moderately  rapidly,  the  flask  being  gently  heated  on 
a water-bath  during  the  operation.  A vigorous  action  sets 
in,  and  a liquid,  which  consists  of  aldehyde,  alcohol,  water, 
and  small  quantities  of  acetal  (see  below),  collects  in  the 
receiver.  This  liquid  is  now  distilled  from  a water-bath,  the 
temperature  of  which  is  not  allowed  to  rise  above  50°,  when 
i the  aldehyde,  being  very  volatile,  passes  over,  most  of  the 
i impurities  remaining  in  the  flask;  the  distillate  is  then  mixed 
■with  ether,  and  the  mixture  saturated  with  dry  ammonia, 
'when  a crystalline  precipitate  of  aldehyde  ammonia  (see 
I below)  is  obtained.  This  substance  is  transferred  to  a filter, 
washed  with  ether,  and  then  decomposed  by  distillation  with 
dilute  sulphuric  acid  at  as  low  a temperature  as  possible ; the 
taldehyde  is  finally  dehydrated  by  distillation  with  coarsely 
[powdered  anhydrous  calcium  chloride,  the  receiver  being  well 
cooled  with  ice  in  this  and  in  the  previous  operations. 

Acetaldehyde,  or  aldehyde,  as  it  is  usually  called,  is 
aa  colourless,  mobile,  very  volatile  liquid  of  sp.  gr.  0-801 
aat  0°;  it  boils  at  20-8°.  It  has  a peculiar  penetrating 
and  suffocating  odour,  somewhat  like  that  of  sulphur 
dioxide,  and  when  inhaled  it  produces  cramp  in  the  throat, 
ind  for  some  seconds  takes  away  the  power  of  respiration  ; 
1 t is  very  inflammable,  and  mixes  with  water,  alcohol,  and 
ether  in  all  proportions.  Aldehyde  is  slowly  oxidised  to 
icetic  acid  on  exposure  to  tin;  air,  and,  like  formaldehyde,  it 
las  powerful  reducing  properties;  it  precipitates  silver,  in  the 
orm  of  a mirror,  from  ammoniacal  solutions  of  silver  oxide, 
wing  itself  oxidised  to  acetic  acid, 

Clhj-CHO  + Ag20  = CIL.-COOH  + 2Ag. 

)n  treatment  with  reducing  agents,  it  is  converted  into 
' lco'hol,  just  as  formaldehyde  is  reduced  to  methyl  alcohol, 
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CH3-CHO  + 2H  = CH,.CH„.OH 
H-CHO  + 2H  = H.CHvOH. 

Aldehyde  interacts  readily  with  hydroxylamine  in  aqueous 
solution,  yielding  a crystalline  compound,  acetaldoxime , 

CH3.CHO  + NH2-OH  = CH3.CH:NOH  + H20. 

When  aldehyde  is  shaken  with  a concentrated  solution  of 
sodium  hydrogen  sulphite  (sodium  bisulphite),  direct  com- 
bination occurs,  and  a colourless  substance  of  the  compo- 
sition CH3-CH0,HaTLS03  separates  in  crystals.  This  com- 
pound is  readily  decomposed  by  acids,  alkalies,  and  alkali 
carbonates,  aldehyde  being  liberated.  Aldehyde  also  com- 
bines directly  with  dry  ammonia,  yielding  a colourless, 
crystalline  substance,  aldehyde  ammonia,  CH3-CH0,1S'H3, 

or  CH:i-CH\^.jj  > which  is  decomposed  by  acids,  aldehyde 

being  regenerated. 

Aldehyde  very  readily  undergoes  polymerisation  on  treat- 
ment with  acids,  dehydrating  agents,  and  other  substances 
(see  below).  Its  behaviour  with  alkalies  is  very  characteristic; 
when  it  is  warmed  with  potash  or  soda,  a violent  action  sets 
in,  and  the  aldehyde  is  converted  into  a brown  substance 
called  aldehyde  renin. 

Aldehyde  may  be  detected  by  its  smell,  by  its  reducing 
action  on  silver  oxide,  and  by  the  ‘magenta’  or  ‘rosaniline 
test’  (Schiff’s  reaction),  which  is  carried  out  as  follows: 
Sulphurous  acid  is  added  to  a dilute  solution  of  rosaniline 
hydrochloride  until  the  pink  colour  is  just  discharged ; the 
solution  to  be  tested  is  now  added,  when,  if  it  contain  a 
trace  of  aldehyde,  a violet  or  pink  colour  immediately 
appears.  This  behaviour  is  not  characteristic  of  acetaldehyde, 
as,  with  very  few  exceptions,  all  aldehydes  give  this  reaction. 

Constitution. — Aldehyde  is  formed  by  the  oxidation  of 
ethyl  alcohol,  just  as  formaldehyde  is  produced  by  the 
oxidation  of  methyl  alcohol,  two  atoms  of  hydrogen  being 
removed  in  both  cases.  How,  as  regards  formaldehyde,  it 
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must  be  assumed  that  the  hydrogen  atom  of  the  HO-  group 
j takes  part  in  the  change ; probably,  therefore,  this  is  also 
rrue  in  the  case  of  acetaldehyde,  because  the  two  substances 
( are  so  very  similar  in  chemical  properties  that  they  must 
ae  similar  in  constitution.  The  two  reactions  may  therefore 
oe  expressed  in  a similar  manner, 

II  H 

I I 

H-C-O-H  + O = 1I-C  = 0 + H,0 


CH:1-C-0-H  + O = CHj-C^O  + H.,0. 
I i 

H 


budging  from  analogy,  then,  the  constitution  of  aldehyde  is 
expressed  by  the  formula  CH3-C^q  ; this  view  accords  very 


well  with  the  whole  chemical  behaviour  of  the  compound. 
Aldehyde,  unlike  alcohol,  does  not  contain  a hydrogen  atom 
dsplaceable  by  sodium  or  potassium,  and  does  not  form  salts 
with  acids ; these  facts  are  expressed  by  the  above  formula, 
which  shows  that  aldehyde  does  not  contain  an  HO—  group. 
^ hen  aldehyde  is  treated  with  phosphorus  pentachloride, 
ne  atom  of  oxygen  is  displaced  by  two  atoms  of  chlorine, 
change  which  is  very  different  from  that  which  occurs  when 
lcoliol  is  acted  on,  and  which  affords  further  evidence  that 
ldehyde  is  not  a hydroxy-compound.  This  point  is  rendered 
ery  clear  it  the  behaviour  of  aldehyde  and  alcohol  respec- 
ively  with  phosphorus  pentachloride  be  represented  side  by 
ide, 

CH.J-CHO  + PC15  - CH.,-CHC1.,  + POOL 
CH:j-CH,OH  + PC15  - Oil',  Cl  PCI  + POCL  + HC1. 

he  fact  that  aldehyde  has  the  power  of  combining  directly 
'ifli  ammonia,  sodium  hydrogen  sulphite,  alcohol  (see  below), 
c.j  is  also  indicated  by  the  above  constitutional  formula, 
nder  certain  conditions  the  nature  of  the  union  between 
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the  carbon  and  oxygen  atoms  may  undergo  change,  and  the 
aldehyde  may  then  act  as  if  it  had  the  constitution 

H 

CHg-C-O- ; 

I 

in  other  words,  it  may  behave  like  an  unsaturated  compound 
and  combine  directly  with  two  monad  atoms  or  groups,  as 
in  its  reduction  to  ethyl  alcohol,  in  its  conversion  into 
aldehyde  ammonia,  &c. 

It  will  be  seen  that  both  formaldehyde  and  acetaldehyde 

contain  the  monovalent  group  -C^q,  which  is  usually  written 

-CIIO  (not  COH)  ; it  is  the  presence  of  this  aldehyde  group 
which  determines  their  characteristic  properties,  and  all 
aldehydes  are  assumed  to  contain  a group  of  this  kind. 

Polymerisation  of  Acetaldehyde. — Three  well-defined  poly- 
merides  of  aldehyde  are  known — namely,  aldol,  paraldehyde, 
and  metaldehyde. 

Aldol,  (C.,H40).„  or  CH.j-CH(OII)-CH0-CHO,  is  produced  by 
the  action  of  dilute  hydrochloric  acid,  or  of  zinc  chloride, 
on  aldehyde  at  ordinary  temperatures.  It  is  a colourless, 
inodorous  liquid,  miscible  with  water,  and  shows  all  the 
ordinary  properties  of  an  aldehyde.  It  can  be  distilled  under 
reduced  pressure  without  decomposition,  but  when  distilled 
under  ordinary  pressure,  or  when  treated  with  dehydrating 
agents,  it  is  converted  into  crotonaldehyde  (p.  256)  and 
water, 

CH.,-CH(OH)-CH„-CHO  = CH3.CH:CHCHO  + H.,0. 

Paraldehyde,  (C.,H40):j,  is  readily  produced  by  adding  a 
drop  of  concentrated  sulphuric  acid  to  aldehyde,  an  almost 
explosive  action  taking  place.  It  is  a colourless,  pleasant- 
smelling liquid,  boils  at  124°,  and  solidifies  in  the  cold. 
It  is  soluble  in  water,  its  cold  saturated  solution  becoming 
turbid  on  warming,  as  it  is  less  soluble  in  hot  than  in  cold 
water;  when  distilled  with  dilute  sulphuric  acid,  it  is  con- 
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ertcd  into  aldehyde.  Paraldehyde  is  used  in  medicine  as 
j soporific. 

Paraldehyde  shows  none  of  the  ordinary  properties  of  an  alde- 
j yyde,  and  probably,  therefore,  does  not  contain  the  aldehyde  or 
ItCHO  group;  in  otlier  words,  it  is  not  a true  aldehyde,  and  its 
I institution  is  usually  represented  by  the  formula 


/O-CII-CH, 
CH.,-CH<  >0 

'O-CII— CH3. 


Metaldehyde,  (C.,11,0) H,  is  produced  by  the  action  of  acids 
pin  aldehyde  at  low  temperatures.  It  crystallises  in  colourless 
jpeedles,  and  is  insoluble  in  water;  it  can  be  sublimed  with- 
out decomposition,  but  on  prolonged  heating,  it  is  converted 
Uto  aldehyde,  a change  which  is  also  readily  brought  about 
Ivy  distilling  it  with  dilute  sulphuric  acid.  Metaldehyde  is 
probably  isomeric  with  paraldehyde. 

Derivatives  of  Aldehyde .-  Acetal,  CH3-CH(OC.,H5).„  is 
produced  when  a mixture  of  aldehyde  and  alcohol  is  heated 
; 100°,  or  when  alcohol  is  oxidised  with  manganese  dioxide 
id  sulphuric  acid  (compare  methylal,  p.  120), 

CHg-CHO  + 2C,H5-OH  = CH„-CH((.)G2H6)s  + H,0. 

i . is  a colourless  liquid,  possessing  an  agreeable  smell,  and 
i ailing  at  104° ; when  distilled  with  dilute  acids,  it  is  decom- 
il  ised  into  alcohol  and  aldehyde, 


CH3.CH(OC,H5),  + 11,0  = CH.pCHO  + 2C2H5-OH. 

Chloral,  or  trichloraldehyde,  CCl.pCHO,  cannot  be  pre- 
wired by  the  direct  action  of  chlorine  on  aldehyde;  it  is 
Manufactured  on  a large  scale  by  saturating  alcohol  with 
llorine,  first  at  ordinary  temperatures,  and  then  at  the 
liling-point,  the  operation  taking  some  days.  The  crystalline 
I 'oduct,  which  consists  for  the  greater  part  of  chloral 

coholate,  CC13-CH\qt£  ^5,  is  distilled  with  concentrated 

! lphuric  acid,  and  the  oily  distillate  of  crude  chloral  cou- 
nted into  chloral  hydrate  (see  below).  After  purifying  the 
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hydrate  by  recrystallisation  from  water,  it  is  distilled  with 
sulphuric  acid,  when  pure  chloral  passes  over. 

The  formation  of  chloral  alcoholate  may  be  represented  by 
the  equations 

CHg-CHj.OH  + 0 = CHj-CHO  + H20 
CHa-CHO  + C2H5-OH  = CH3.CH(OH).OC„n5 
CH3-  CTI  (OH)  • OC2H6  + 3C12  = CCl3-CH(OTI)-OC2H8  + 3HC1, 

the  aldehyde  first  produced  by  the  oxidising  action  of  the 
chlorine  (p.  91),  combining  with  alcohol,  and  being  finally 
converted  into  chloral  alcoholate  by  substitution. 

Tt  is,  however,  very  doubtful  whether  the  action  is  quite  so  simple. 
A more  probable  explanation  is  that  acetal  is  first  produced  by 
the  combination  of  the  aldehyde  with  the  unchanged  alcohol,  and 
then  converted  into  tricldoracetal,  CCl:i-CH  (OC„H5)2,  by  the  further 
action  of  chlorine  ; this  substance  is  finally  decomposed  by  the 
hydrogen  chloride  produced  during  the  reaction,  giving  chloral 
alcoholate  and  ethyl  chloride, 

CC1,-CH(OC2H,)o  + HC1  = CCI:i-CH<o<Ij'Ilr’  + C.,1I,C1. 

Chloral  is  an  oily  liquid  of  sp.  gr.  I- 512  at  20°,  and  boils 
at  97°.  It  has  a penetrating  and  irritating  smell,  and  in 
chemical  properties  closely  resembles  aldehyde,  a fact  which 
was  only  to  be  expected,  since  it  is  a simple  substitution 
product  of  aldehyde,  and  contains  the  characteristic  aldehyde 
group.  It  has  reducing  properties,  combines  directly  with 
ammonia,  sodium  hydrogen  sulphite,  &c.,  and  on  oxidation 
it  is  converted  into  trichloracetic  acid  (p.  163),  just  as  alde- 
hyde is  converted  into  acetic  acid, 

CCIg-CHO  + O = CCIg-COOH. 

On  the  addition  of  small  quantities  of  acids,  it  readily  under- 
goes polymerisation,  being  transformed  into  a white  amorphous 
modification  called  metachJoral ; the  same  change  takes  place 
when  chloral  is  kept  for  a considerable  time.  One  of  the 
most  interesting  reactions  of  chloral  is  its  behaviour  with 
boiling  potash,  by  which  it  is  quickly  decomposed,  giving 
chloroform  (p.  172)  and  potassium  formate, 
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CCl3-CHO  + KOH  = CHClg  + H-COOK. 
lPure  chloroform  is  often  prepared  in  this  way. 

Chloral  Hydrate,  CCla-CH(OH)„. — AY  hen  chloral  is  poured 
linto  water,  it  sinks  as  an  oil  at  first,  but  in  a few  seconds  the 
oil  changes  to  a mass  of  colourless  crystals  of  chloral  hydrate*, 
ua  considerable  rise  in  temperature  taking  place.  Chloral 
hhydrate  melts  at  57°,  is  readily  soluble  in  water,  and  is 
'decomposed  on  distillation  with  sulphuric  acid,  chloral  passing 
over.  In  some  respects  it  is  a very  stable  substance;  it  does 
mot  polymerise,  and  does  not  give  the  rosaniline  reaction 
of  aldehydes.  These  facts  point  to  the  conclusion  that  chloral 
oydrate  does  not  contain  the  aldehyde  group,  but  that  by 
.combination  with  water  the  chloral  has  been  converted  into  a 

■(substance  of  the  constitution  CCl;j-CH\j^j  j. 

Chloral  hydrate  is  extensively  used  in  medicine  as  a 
soporilic. 

Homologues  of  Acetaldehyde.— The  higher  members  of 
he  homologous  series  of  aldehydes,  such  as  -propahlehyrle, 
.d2H5-CHO,  butaldehyrie,  C3H7-CHO,  may  be  produced  by 
he  oxidation  of  the  corresponding  primary  alcohols,  or  by 
he  dry  distillation  of  the  calcium  salts  of  the  corresponding 
tatty  acids  with  calcium  formate  ; they  resemble  acetaldehyde 
m chemical  properties. 

Heptaldehyde,  or  CEnanthol,  C0H1;.-CH(),  is  of  consider- 
able interest  because  it  is  one  of  the  products  of  the  dry 
istillation  of  castor-oil.  It  is  a colourless  oil,  boils  at  154°, 
nd  has  a penetrating,  disagreeable  odour;  on  oxidation  it 
ields  normal  heptvlic  acid,  CfiH1;j-COOH  (p.  158).  and  on 
eduction,  normal  heptyl  alcohol,  C0Hn-CH.,-OH. 

KETONES. 

The  ketones,  of  which  the  simplest,  acetone,  (’ll  CO-CII  „ 
lav  be  taken  as  an  example,  are  derived  from  the  secondary 
Icohols,  such  as  isopropyl  alcohol,  Cl  F..-C1 1 (Ol !)•< ' 1 1 , by 
le  removal  of  two  atoms  of -hydrogen  from  the  -CH(OH) 
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group,  the  process  being,  in  fact,  strictly  analogous  to  the 
formation  of  aldehydes  from  the  primary  alcohols.  Ketones 
are  characterised  by  containing  the  divalent  group  ^>C  = 0 
united  with  two  alkyl  radicles,  as  in  CH3-CO-C2H5, 
C2H5-CO-C2H5,  and  their  composition  may  be  expressed  by 
the  general  formula  CmH0)(0  ; they  are  isomeric  with  the 
aldehydes : 

Propaldehyde,  CH3-CH2-CHO  i 

Dimethyl  ketone,  CH3-CO-CH3  j 3 6 

Butaldehyde,  CH3-CH,.CH2-CHO  1 

Ethylmethyl  ketone,  CH3-CH2-CO-CH3  /G4Hs°- 

Acetone,  or  dimethyl  ketone,  CH3-CO-CH3,  occurs  in 
small  quantities  in  normal  urine,  and  in  cases  of  diabetes 
mellitus  and  acetonuria  the  quantity  increases  considerably. 
It  also  occurs  in  small  quantities  in  the  blood. 

Acetone  is  formed  when  isopropyl  alcohol  is  oxidised  with 
potassium  bichromate  and  sulphuric  acid, 

CH3-CII(OH)-CH3  + 0 = CH3-CO-CH3  + H,0, 

and  is  produced  in  considerable  quantities  during  the  dry  dis- 
tillation of  wood  and  many  other  organic  compounds,  such 
as  sugar,  gum,  &c.  Crude  wood-spirit,  which  has  been  freed 
from  acetic  acid  (p.  89),  consists  in  the  main  of  a mixture 
of  acetone  and  methyl  alcohol.  These  two  substances  may 
be  roughly  separated  by  the  addition  of  calcium  chloride, 
which  combines  with  the  methyl  alcohol ; on  subsequent 
distillation,  crude  acetone  passes  over,  and  may  be  purified 
by  conversion  into  the  bisulphite  compound  (sec  below). 

Acetone  is  usually  prepared  by  the  dry  distillation  of  crude 
calcium  or  barium  acetate, 

(CH3-COO)2Ca  = CH3-CO-CH3  + CaC03. 

The  distillate  is  fractionated,  and  the  portion  boiling 
between  50  and  60°  mixed  with  a strong  solution  of  sodium 
bisulphite.  The  crystalline  cake  of  ‘acetone  sodium  bisul- 
phite,’ which  separates  on  standing,  is  well  pressed,  to  free 
it  from  impurities,  decomposed  by  distillation  with  dilute 
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ilium  carbonate,  and  the  aqueous  distillate  of  pure  acetone 
Ihydrated  over  calcium  chloride. 

Acetone  is  a colourless,  mobile  liquid  of  sp.  gr.  0-792  at  20°  ; 
'boils  at  56-5°,  has  a peculiar,  pleasant,  ethereal  odour,  and 
nmiscihle  with  water,  alcohol,  and  ether  in  all  proportions. 
Iln  chemical  properties  acetone  resembles  aldehyde  in 
reral  important  particulars.  When  shaken  with  a con- 
ittrated  aqueous  solution  of  sodium  bisulphite,  direct 
imbination  takes  place  with  considerable  development 
heat,  and  a colourless,  crystalline  substance,  acetone 

' inm  bisulphite , Cl  I, -CO-CI1,, NaHSC),,  or  (CdI,),Cd  ‘ 

aarates.  This  compound  is  readily  soluble  in  water,  and  is 
■ckly  decomposed  by  dilute  acids  and  alkalies,  acetone 
ung  regenerated.  Acetone,  like  aldehyde,  interacts  with 
idroxylamine  in  aqueous  solution,  forming  acetoxime, 

(CH3),CO  + NHo-OH  = (CH,),C:NOH  + H,0, 

rystalline  substance,  melting  at  59°  When  treated  with 
Asphorus  pentachloride,  the  oxygen  atom  in  acetone  is 
i ilaced  by  two  atoms  of  chlorine,  and  /3-dichloropropane  is 
ned, 

(CH3),CO  + PC15  = (CH.,),CC12  + POCl3; 

^eduction,  acetone  is  converted  into  secondary  propyl  alcohol, 


(CH,),CO  + 2H  = (CH.,).,CH-(  )If. 

.t  the  same  time  acetone  differs  from  aldehyde  very  widely 
one  or  two  important  respects.  It  does  not  undergo 
merisation,  and  does  not  reduce  ammoniacal  solutions  of 
Per  oxide;  it  is  oxidised  only  by  moderately  powerful 
its,  by  which  its  molecule  is  broken  up  into  acetic  acid 
carbon  dioxide, 

CH.j-CO-CH.,  + 40  = CH,-COOIf  + CO,  + H,0. 

P one  gives  the  iodoform  reaction  (p.  9G),  and  is  employed 
F 1 the  preparation  of  iodoform,  chloroform,  Ac.;  it  is  also 
as  a solvent. 


i 
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Constitution. — Acetone  is  formed  when  isopropyl  alcohol, 


CH.pv.riTT 


-OH  (p.  104),  loses  two  atoms  of  hydrogen  by 


oxidation.  It  does  not  contain  a hydroxyl-group,  because, 
unlike  the  alcohols,  it  does  not  form  salts  with  acids.  That 
the  oxygen  atom  is  combined  with  carbon  only — that  is,  that 
acetone  contains  a -CO-  group,  is  shown  by  the  behaviour 
of  acetone  with  phosphorus  pentachloride,  which  is  similar  to 
that  of  aldehyde.  Furthermore,  the  -CO-  group  must  be 
united  witli  two  methyl  groups,  as  in  the  formula  CH;j-CO-CH3, 
because  if  it  were  not,  acetone  would  be  identical  with  propal- 

dehyde,  CH3-CH2-CC^.  These  facts,  and  many  others  which 


might  be  mentioned,  show  that  acetone  has  the  constitution 
0 

CH3-C-CH3,  or  (CH.,)2CO ; its  characteristic  properties  are 
determined  by  the  presence  of  the  divalent  carbonyl  or 
ketonic  group)>C  = 0,  which  is  assumed  to  be  contained  in 
all  ketones. 

The  similarity  in  chemical  behaviour  between  acetone 
and  aldehyde  is  at  once  brought  to  mind  on  considering 
their  graphic  formulae ; they  both  contain  the  carbonyl  group, 

Acetone,  ^^0=0  Aldehyde, 

and  therefore  those  changes,  in  which  only  this  group  takes 
part,  are  common  to  both  substances.  Such  changes  are, 
for  example,  interaction  with  hydroxylamine,  behaviour  with 
phosphorus  pentachloride,  and  direct  combination  with 
sodium  bisulphite,  hydrogen,  Ac.  ; in  the  last  two  reactions, 

acetone  acts  as  if  it  had  the  constitution  (CH3)2(K  . As 
regards  oxidation,  the  difference  between  the  two  compounds 
is  also  readily  understood ; acetone  does  not  contain  the 
readily  oxidisable  hydrogen  atom  ol  the  aldehyde  group,  and 
does  not  combine  with  oxygen  without  the  molecule  being  j 
broken  up;  it  is  therefore  less  readily  acted  on  than 
aldehyde,  and  does  not  reduce  silver  oxide  or  give  the 
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rosaniline  test,  since  both  these  reactions  are  the  result  of 
oxidation. 

Condensation  of  Acetone. — When  acetone  is  treated  with 
certain  dehydrating  agents,  it  undergoes  a peculiar  change,  two 
or  more  molecules  combining  together  with  elimination  of  one 
! or  more  molecules  of  water, 


: 2(CH:!),CO  = C0H10O  + H,<  > 3(CH3),CO  = C9H14( ) +2H,0. 

Mesityl  Oxide.  Phorone. 


This,  and  similar  changes,  in  which  two  or  more  molecules  of 
the  same  or  of  different  substances  combine,  with  separation 
of  water,  are  termed  condensations,  and  the  substances  formed, 


condensation  products ; 

in  this,  that  water  is 


the  process  differs  from  polymerisation 
eliminated.  Acetone  yields  three 


interesting  condensation  products.  When  it  is  saturated  with 
1 i dry  hydrogen  chloride,  and  the  solution  kept  for  some  time,  a 
mixture  of  mesityl  oxide  and  phorone  is  formed,  in  accordance 
with  the  above  equations ; but  when  distilled  with  concen- 
trated sulphuric  acid,  acetone  yields  a hydrocarbon,  wesitplene, 
(part  ii. ),  a derivative  of  benzene, 


3(CH:j),CO  = CflII]2  + 311,0. 


Mesityl  Oxide , CuHl0O,  is  a colourless  oil,  boiling  at  130°,  and 
having  a strong  peppennint-like  smell  : when  boiled  with  dilute 
sulphuric  acid, it  is  decomposed  with  regeneration  of  acetone.  Its  con- 
stitution may  bo  represented  by  the  formula  CI1:,  C'0  CH  :C 

Phorone,  (',,HU<),  crystallises  in  almost  colourless  prisms, 
melting  at  ‘2s  ; it  boils  at  l!Ki  , lias  a pleasant  aromatic  odour,  and 
is  decomposed  by  boiling  dilute  sulphuric  acid  with  formation  of 
acetone. 


CIL 
"'-Cli.; 


Substitution  Products  of  Acetone. — Acetone  is  readily  attacked 
by  chlorine  with  formation  of  monochloracetone,  ('ll, •('()■(  II. Cl 
1,-P-  )>  and  asymmetrical  dic/iloracetone,  ( 'll , ('()■( 'IK ’I. , 

b.p.  1 —0  ).  Symmetrical  dichloracetoue , CH.>('|.('0-(TI.,('l,  is 
produced  by  the  oxidation  of  dichlorisopropyl  alcohol,  or  diehloro- 
'■V'lri"  (!>.  252),  (’II,(’1CH(0H).CH.,(’I  ; it  is  a colourless, 

‘rystalline  solid  (imp.  45°;  b.p.  17‘2‘.-)°).  Higher  substitution 
rroducts  of  acetone  have  been  obtained  by  indirect  methods.  The 
mal  product,  hr.vachlorarctonc,  or  pcrr/iloraretonc,  CCl,-( '( >-COI.„ 
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is  a colourless  liquid,  boiling  at  204°.  Corresponding  bromo-sub- 
stitution  products  of  acetone  have  also  been  prepared. 

These  halogen  substitution  products  are  characterised  by  their 
exceedingly  irritating  action  on  the  eyes,  the  presence  of  a mere 
trace  of  these  substances  in  the  air  being  sufficient  to  cause 
a copious  flow  of  tears ; when  dropped  on  the  skin,  they  produce 
very  painful  blisters. 

Homologues  of  Acetone  may  be  obtained  by  the  oxidation 
of  the  corresponding  secondary  alcohols  and  by  the  dry 
distillation  of  the  calcium  salts  of  the  higher  fatty  acids ; 
they  resemble  acetone  in  chemical  properties. 

Methylnonyl  Ketone,  CH3-CO-CgHlfl,  is  the  chief  con- 
stituent of  oil  of  rue,  the  essential  oil  obtained  by  distilling 
rue  ( Ruta  grciveolens)  with  steam.  It  is  a colourless,  crystalline 
substance,  melts  at  15°,  boils  at  224°,  and  possesses  an  odour 
resembling  that  of  oranges. 

Hydroximes  and  Hydrazones.-  -Aldehydes  and  ketones 
interact  readily  with  hydroxylamine,  NH2-OH,  and  with 
phenylhydrazine,  CcHr)-NH-A,H0  (part  ii. ),  forming  condensa- 
tion products.  This  property  is  not  only  highly  characteristic 
of  all  aldehydes  and  ketones,  with  one  or  two  exceptions,  but 
is  also  of  the  greatest  value  in  the  isolation  and  identifi- 
cation of  the  compounds  in  question. 

The  substances  formed  by  the  action  of  hydroxylamine  on 
aldehydes  are  called  aldoximes,  those  obtained  from  ketones, 
ketoximes,  the  term  oxime  or  liydroxime  being  applied  to  both. 
Acetaldehyde,  for  example,  yields  acetaldoxime, 

CILpCIIO  + NH2.OH  = CH,,-CH:N-OH  + 11,0, 

acetone  giving  acetoxime  or  dimethyl  ketoxime, 

(CH3)2CO  + NH2-OH  = (CH3),C:IsT-OH  + H,0, 

the  interactions  being  expressed  by  the  general  equation 

>C;0"+ HjilT-OH  - >C:N-OH  + H,0. 

The  oximes  are  usually  prepared  by  mixing  an  aqueous 
or  alcoholic  solution  of  the  aldehyde  -or  ketone  (2  mols.) 
with  an  aqueous  solution  of  hydroxylamine  hydrochloride, 
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NSTH.,-0TI,HC1  (2  mols.),  and  then  adding  sodium  carbonate 
11  mol.)  in  order  to  decompose  the  hydrochloride  and  set  the 


pase  free, 

l)NH2-OH,HC1  + Na.,C03  = 2NH.2-QH  + 2NaCl  + C02  + H,0. 
[IT he  mixture  is  now  heated  gently,  or  kept  at  the  ordinary 
temperature  for  some  hours,  and  the  oxime  then  extracted 
rrorn  the  acidified  solution  by  shaking  with  ether,  or  in  some 
■ther  suitable  manner. 

The  lower  aldoximes  are  mostly  colourless,  volatile,  solid 
ompounds,  which  distil  without  decomposition  under  reduced 
u-essure,  and  mix  with  water  in  all  proportions;  the  higher 
: aembers  are  only  sparingly  soluble  in  water.  The  ketoximes 
lave  similar  properties.  Most  oximes  are  decomposed,  on 
treatment  with  boiling  moderately  strong  hydrochloric  acid, 
with  formation  of  hydroxylamine  hydrochloride,  and  regenera- 
ion  of  the  aldehyde  or  ketone, 


TH3-CH:X-01I  + HC1  + H,0  = CH3.GHO  + NH,-OH,HCl. 

'hey  are  usually  readily  soluble  in  caustic  alkalies,  with  which 
rey  form  compounds,  such  as 


CH3-CH:N.OKa  and  (CH3)X:X-OK  ; 
ut  they  are  not  decomposed  by  alkalies,  even  on  boiling.  One 
nportant  difference  between  aldoximes  and  ketoximes  is,  that 
ic  former  are  decomposed  by  acetyl  chloride,  yielding  cyanides 
■ nitriles  (p.  284), 


CH,.CIl:X.OH  - ( TL.j-CN  + H,0, 

hereas  the  latter  are  converted  into  acetyl  derivatives, 


CH:j)oC:N-OH  + GH.J-COC1  = (CH3)2C:N-0-C0-Cir.j  + HC1. 


ie  condensation  products  of  aldehydes  and  ketones  with 
lenylhydrazine  are  called  / iheiujlln/ dr  a zone*,  or  simply 
I'lruzones.  They  are  formed  according  to  the  general 
nation, 


C 


0 4-  II,  N.NH  CJT- 


fore  xample,  acttal'l.clnjilj}  hydrazone, 


C:X-  XH-CflH-, 

G 1 L G 1 1 : X X1L  Ci; H5, 
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and  acetone  hjdrazone,  (CH3)2C:N-NH-C6H5.  The  hydra- 
zones  are  referred  to  later  (part  ii. ),  but  it  may  be  mentioned 
here  that,  like  the  liydroximes,  they  are  usually  decomposed 
by  hot  concentrated  hydrochloric  acid,  with  regeneration 
of  the  aldehyde  or  ketone. 


SUMMARY  AND  EXTENSION. 

The  Aldehydes  form  a homologous  series  of  the  general  formula 
C„Hsll+1-CHO,  or  R-CHO,  and  are  derived  from  the  primary 
alcohols  by  the  removal  of  two  atoms  of  hydrogen  from  the 
-Clio-011  group.  The  more  important  members  of  the  series  are — 

B.p. 

CH.,0 11 -CHO — 


Formaldehyde, 

Acetaldehyde, 

Propaldehyde, 

Butaldehyde, 

Isobutaldehyde, 

Valeraldehyde, 


CoH.O 


.Cl 


C31180 Cl 


l3-CH<4 20-8° 

l3-CH2CHO 49° 

\ ptjd  i‘CH3-CH2CH2CHO 74° 

/ \(CH3)2CH-CHO 63° 


C7H140 CH3.[CH2]5-CHO* 155° 


) fCH:).CH.,-CH.,.CH2.CIIO 1020 

Tsovaleraldehyde, \(CH3)2CH-CH2-CHO 92° 

Capraldehyde,  C8HJ20 CH3CH2CH2CH,CH2.CHO 128° 

Heptaldehyde,  \ 
or  OEnanthol,  J 

The  Ketones  are  derived  from  the  secondary  alcohols  by  the 
removal  of  two  atoms  of  hydrogen  from  the~7>CH-OH  group,  anti 
have  the  general  formula  IFCO-IF,  where  It  and  R'  may  be  the 
same  or  different  radicles ; in  the  former  case  the  substance  is  a 
simple  ketone,  but  when  R and  R'  are  different,  it  is  a mixed, 
ketone  (compare  ethers,  p.  114).  The  more  important  ketones  are — 

Acetone,  or  dimethyl  ketone 

Propione,  or  diethyl  ketone (C2II5)2CO. 

Butyrone,  or  dipropyl  ketone 4 

Isobutyrone,  or  di-isopropyl  ketone  j 

(Enanthone,  or  dihexyl  ketone (C8H13)2CO. 

" Laurone (C11H2 

Palmitone (C15R3 

Stearone (C17H35)2CO. 

tYhen  tlie  less  important  mixed  ketones  are  also  considered,  the 
ketones  form  a homologous  series, 

c3h8o,  c4h8o,  C5HlnO,  C8H120,  &C., 

* [CHJj  is  a convenient  way  of  writing  -CH2  CH2  C'H2  CH2  CH2-. 


(CH3)2CO 

B.p.  56-5' 

(C2H5)2CO 

„ 103° 

„ 144° 

(C3h7)2co 

„ 125° 

(C8H1:t)2CO.  .. 

M.p.  30-5’ 

.(CnH^CO 

„ 69° 

(C15Hsl)eCO 

„ S3° 

4CI7Hm)2CO 

„ 88° 
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in  which  numerous  cases  of  isomerism  occur.  The  lirst  two 
innembers,  acetone,  CH3-CO'CH3,  and  methylethyl  ketone, 
fCH.;'CO.CH..-(TI.„  exist  in  only  one  form,  hut  there  are  three 
ketones  of  the  composition  CsHluO,  namely, 

IDiethyl  Ketone,  or  Propione.  Metliylpropyl  Ketone.  Methylisopropyl  Ketone. 

i,CH3.CH.2.CO-CH.,.CH:)  CH:|.CO.CH2-CH2-CH3  ch3.co-ch  : gjja, 

laud  the  number  of  possible  isom elides  rapidly  increases  on  passing 
up  the  series. 

Both  aldehydes  and  ketones  maybe  regarded  as  derived  from  the 
paraffins,  by  substituting  one  atom  of  oxygen  for  two  atoms  of 
Idiydrogen  : they  are,  therefore,  isomeric.  In  the  ease  of  aldehydes, 
two  atoms  of  hydrogen  of  one  of  the  CH3-  groups  in  the  paraffin  are 
displaced, 

CH3-CH3-CH2-CH3,  giving  CH3  CHrCH.,  CHO  ; 

but  in  the  case  of  ketones,  the  oxygen  atom  is  substituted  for  two 
hydrogen  atoms  of  a -CTL-  group, 

CH3-CH2  CH.,  CH3,  giving  Clk.-ClL-CO-CII,, 


Nomenclature. — The  aldehydes  (from  alcohol  dchydroyenat mn)  are 
conveniently  named  after  the  fatty  acids  which  they  yield  on 
oxidation  : 

Formaldehyde,  H-CIIO,  giving  formic  acid,  H-COOH. 
Acetaldehyde,  CH3-CHO,  n acetic  acid,  CH:l-(JOOH. 

Propaldehyde,  CaHs-CHO,  n propionic  acid,  C.,lI5-C(JOH. 


Simple  ketones,  having  been  first  obtained  by  the  dry  dist  illation 
>f  a salt  of  a fatty  acid,  are  usually  named  after  that  acid  from 
>vhich  they  are  in  this  way  obtained  ; acetone,  for  example,  from 
; icetic  acid,  propione  from  propionic  acid.  Mixed  ketones  are 
lamed  according  to  the  alkyl  groups  which  they  contain,  as  exem- 
diliod  above  in  the  case  of  the  isomerides  of  the  composition 


| Ketones  in  general  may  also  be  named  after  the  hydro- 


carbons from  which  they  are  theoretically  derived,  employing 
he  prefix  ‘ keto  ’ and  a numeral,  as,  for  example,  2-ketopropane, 

i T :l. . 12  :i  i .1  r, 

I MI3-CO'(JH:),  and  3-l^etohexane,  CH3-CHS*C0-CH2-C1I./(.TI3. 
Methods  oj  Preparation.— Aldehydes  are  formed  by  the  oxidation 
f primary  alcohols, 


CtF-CTLOH  + 0 = CH3CHO  + 1I..O; 

vhereas  ketones  are  produced  from  secondary  alcohols  by  similar 
reatment, 

CH:(.CH(OH)CH;1  + o = rna-eo-CH,  + h/>. 
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Aldehydes  may  be  prepared  from  the  fatty  acids  by  the  dry 
distillation  of  their  calcium  salts  with  calcium  formate  : 

(CH3-COO)2Ca  + (H-COO),Ca  = 2CH3CHO  + 2CaC03, 
(CH.,-CH,-CH.,-COO).,Ca  + (II-COO).,Ca 
= 2CH3CH2-CHi!.CHO  + 2CaC03. 

In  its  siin]ilest  form  this  reaction  may  be  considered  as  being  due 
to  the  removal  of  water  and  carbon  dioxide  from  one  molecule  of 
the  fatty  acid  and  one  molecule  of  formic  acid  ; thus, 

K °H  CCh-OH ' = R CH0  + C°2  + H"0, 


Ketones  may  be  prepared  by  the  distillation  of  the  calcium  salts 
of  the  fatty  acids  alone, 

(CH3-C00)2Ca  = 2CH3-CO-CH3  + CaC03. 

If  a mixture  of  the  calcium  salts  of  two  fatty  acids  (other  than 
formic  acid)  be  employed,  a mixed  ketone  is  formed, 

(CH3C00)2Ca  + (C2H5-C00)2Ca  = 2CH3-CO-C.JH5  + 2CaCO;) ; 

Calcium  Acetate.  Calcium  Propionate.  Methylethyl  Ketoue. 


at  the  same  time  two  simple  ketones  (acetone  and  propione)  are 
produced  by  the  independent  decomposition  of  the  two  salts. 

This  method  of  formation  is  readily  understood  if,  for  the  sake  of 
simplicity,  the  free  acids  instead  of  their  calcium  salts  be  con- 
sidered, 


RCO  -0-  H 
R'i  CO-  OH 


= R-COR' 


C02  + H.,0. 


Ketones  may,  in  fact,  be  prepared  by  heating  the  higher  fatty  acids 
with  phosphoric  anhydride  at  about  200°, 

2C]7H:b-COOH  = C17H33-CO-C17H33  + CO.,  + H.,0, 

Stearic  Aciil.  Stearoue. 


a method  especially  useful  in  the  preparation  of  the  higher  ketones, 
such  as  laurone,  palmitone,  &c.,  which  are  obtained  only  with 
difficulty  by  any  other  method. 

A very  important  synthetical  method  for  the  preparation  of 
ketones  consists  in  treating  the  acid  chlorides  (1  mol.)  with  the  zinc 
alkyl  compounds  (1  mol.);  in  the  first  place,  an  additive  product  is 
formed,  and  this,  on  decomposition  with  water,  yields  the  ketone, 

C2H,-C<j§  + Zn(C.,H5)2  = C2H3  CC1<q^”  C-H3, 
/O-Zn-CoH-, 

CJK-CCK  ' ' + 2H„0 

XC2H5 

= CjHj'COC„H:,  + C.,Hb  + Zn(OH)2  + HC1 
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(Compare  formation  of  tertiary  alcohols  by  the  action  of  excess  of 
the  zinc  alkyl  compound,  p.  107). 

ofnnna  mnr  oLn  l»o  ttl'onnvofl  h\r  flip  ll  Vflml  nf  Ptlivl  flCPt  (l- 


ith  frw  executions  onlv  (.Ikkp  ketones  containing  the  group 
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acids*  the  compounds  formed  by  aldehyde  and  acetone  respec- 
tively being 

CH,.CH(OH)-S03Na  £JJ»>C(0H)-S03Na. 

Sodium  Hydroxyetliylsulphonate.  Sodium  Hydroxyisopropylsulplionate. 
All  these  compounds  are  readily  decomposed  on  warming  with 
dilute  alkalies  or  acids,  the  aldehydes  or  ketones  being  regenerated, 
CH3.CH3-CH(0H)-S03Na  + HC1  = CH3-CH.,-CHO 
+ NaCl  + H.,0  + SO,. 

The  characteristic  behaviour  of  aldehydes  and  ketones  with 
hydroxylamine  and  with  phenylhydrazine  has  been  described 
above. 

Aldehydes  and  ketones  are  readily  acted  on  by  reducing  agents, 
such  as  sodium  amalgam  and  water,  zinc  and  hydrochloric  acid, 
with  formation  of  primary  and  secondary  alcohols  respectively, 

CH3.CH.,CH.,-CHO  + 2H  = CH-(-CHa-CH.,-CHa-OH 
CH3.CO-CHa-CH3  + 2H  = CH3-CH(OH)-CHs-CH3. 

A secondary  alcohol  is  not  the  sole  product  of  the  reduction  of 
ketones,  but  is  usually  accompanied  by  varying  quantities  of 
interesting  substances  belonging  to  the  class  of  pinaconcs.  Acetone, 
for  example,  yields  not  only  isopropyl  alcohol,  CII3-CM(OH)-CH3, 
but  also  acetone  pinacone, 

2(CHn)aCO  + 2H  = (CH3)„C(OH)-C(OH)(CH3)., 

The  formation  of  a pinacone  may  be  accounted  for  by  assum- 
ing that  the  first  product  of  reduction  of  a ketone  is  a sub- 
stance, JJ>C<011,  produced  by  combination  with  one  atom  of 

hydrogen.  This  intermediate  product  may  then  combine 
with  another  atom  of  hydrogen  to  form  a secondary  alcohol, 

»>C<g  . or  two  molecules  may  unite  to  form  a pinacone, 

R /OHHO\  R 

C\p.  Similar  products  are  formed  in  the  reduc- 
tion of  aldehydes,  but  in  smaller  quantities. 

Pinacone  is  decomposed  on  distillation  with  dilute  sulphuric  acid, 
yielding  pinacoline, 

CH^C(0H)-C(0Hl<CH3  = CH3-COC^CH3  + H.,0, 

a very  remarkable  change,  and  one  which  has  not  been  satisfac- 
torily accounted  for.  Pinacoline  is  a colourless  liquid,  boils  at  100  , 

* A sutphonic  acid  is  an  organic  acid  containing  the  group  — SO.yOH. 
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and  has  a very  strong  odour  of  peppermint.  That  it  has  the  eon 
stitution  given  above,  is  shown  by  the  facts  that  on  oxidation  with 
chromic  acid,  it  yields  trimethylaeetic  acid  and  carbon  dioxide, 

(CH3)3C-CO-CH3  + 40  = (CH,)3C-COOH  + CO.,  + ILO, 

and  that  it  is  formed  by  the  action  of  zinc  methyl  on  trimethyl- 
acetyl  chloride,  (CH3)3-C0C1.  (Compare  preparation  of  ketones, 
iP-  136). 

Aldehydes  and  ketones  are  readily  acted  on  by  phosphorus  penta 
chloride  with  formation  of  dihalogen  derivatives  of  the  paraffins, 
tthe  oxygen  atom  of  the^>CO  group  being  displaced  by  two  atoms  of 
*. chlorine.  Aldehyde,  for  example,  gives  a diddorethane,  called  ethyl- 
idene  chloride  (because  it  contains  the  ethylidene  group  CH3-CH  = ), 

CH..CHO  + PC15  = CH3.CHC13  + POCh, 
and  acetone  gives  fi-dichloropropanc  or  un  tune  dichloride, 

(CH3)3CO  + PC15  = (CHduCCh  + POClg. 

Aldehydes  and  ketones  combine  directly  with  hydrocyanic  acid, 

; forming  additive  products,  termed  hyilrnryryauidcs.  This  reaction 
may  be  expressed  by  the  general  equation 

>C0  + HCN  =>CC™!, 

(aldehyde,  for  example,  giving  hydroxyethyl  cyanide, 

CHj.CH(011)-CN, 

and  acetone,  hydroxyisopropyl  cyanide,  (CH..),C(OH)-CN.  These 
(-compounds  are  decomposed  by  hot  concentrated  alkalies  and 
mineral  acids,  yielding  hydroxycarboxylic  acids,  the  -CIS'  group 
being  transformed  into  -C001I  (compare  p.  285), 

CII3-CH(OH)CN  + 211,0  = CH;i-CH(OH)-COOH  + Nil... 

Aldehydes  differ  from  ketones  in  the  following  important 
(respects  : They  usually  undergo  oxidation  to  a fatty  acid  on  ex- 
posure to  the  air,  and  are  readily  oxidised  by  an  ammoniacal 
solution  of  silver  oxide,  especially  in  presence  of  a little  potash  or 
soda,  a silver  mirror  being  formed.  They  also  reduce  alkaline 
solutions  of  copper  (Folding's  solution,  p.  2fi.-!).  Ketones,  on  the 
other  hand,  are  only  attacked  by  powerful  oxidising  agents,  and 
the  difference  between  their  behaviour  on  oxidation  and  that  of 
aldehydes  is  so  characteristic  that  it  may  be  made  use  of  for  deter- 
mining whether  a substance  of  doubtful  constitution  be  an  aldehyde 
or  a ketone. 

Aldehydes,  on  oxidation,  are  converted  into  fatty  acids  containing 
the  name  number  of  carbon  atoms  : 
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CH3.CH2.CHO  + u = ch3.ch2-cooh, 

Propaldehyde.  Propionic  Acid. 

CH3-[CH2l,-CHO  + O = CHgtCH^-COOH. 

Heptaldehyde.  Heptylic  Acid. 

Ketones , on  oxidation,  are  decomposed  with  formation,  usually,  of 
a mixture  of  acids,  each  of  which  contains  a smaller  number  of 
carbon  atoms  than  the  original  ketone, 

CH3-COCH3  + 40  = CH3-C00H  + CO.,  + HoO. 

CH3.CO-  [CHJ4.CHs  + 30  - CH3.C00H  + CH3-[CH2]3.COOH. 

In  the  case  of  mixed  ketones,  several  acids  may  he  formed. 
Methylamyl  ketone,  for  example,  might  yield  acetic  acid,  and 
valeric  acid  on  oxidation,  in  which  case  the  molecule  would  be 
decomposed  as  indicated  by  the  dotted  line  in  the  above  equation, 
or  it  might  give  carbon  dioxide  and  caproic  acid,  the  molecule 
being  attacked  in  a different  manner, 

CH3 1 CO-[CH.j]4-CH3  + 40  = CH3-[CH.J4.COOH  + Ha0  + C02. 


It  frequently  happens,  therefore,  that,  in  oxidising  mixed 
ketones,  several  products  are  formed,  the  nature  of  which  may 
afford  important  evidence  as  to  the  constitution  of  the  ketone. 
Generally  speaking,  the  oxidation  of  a mixed  ketone  follows  the 
rule  (Popoff’s  law)  that  the  ketonic  group  -CO-  remains  united  with 
the  smaller  alkyl  group,  in  which  case  the  decomposition  represented 
in  the  .above  example  by  the  first  equation  would  take  place 
almost  entirely.  Later  experiments  have  shown,  however,  that 
Popolf s rule  does  not  hold  good  in  all  cases,  and  must  be  con- 
sidered as  only  approximately  correct. 

Aldehydes  differ  from  ketones  in  combining  readily  with  am- 
monia, forming  additive  products, 


H\ 

R-'" 


CO  + NH:) 


H" 

R- 


C 


'OH 

•NH... 


These  compounds,  of  which  aldehyde  ammonia  is  an  example,  are 
usually  crystalline,  and  very  readily  soluble  in  water.  They  are 
decomposed  on  distillation  with  dilute  acids,  with  regeneration  of 
the  aldehyde, 

R-CH<2h  + HC1  - R-CHO  + NH4C1. 

Aldehydes  differ  again  from  ketones  in  combining  with  alcohols 
with  elimination  of  water,  to  form  substances  called  acetals, 


. TTO  C..H-,  R- 


'OC.,TT- 


Tf 
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Aldehydes,  especially  the  lower  members  of  the  series,  very 
readily  undergo  polymerisation,  a property  which  distinguishes 
(them  from  ketones  in  a very  striking  manner.  Polymerisation 
imay  take  place  spontaneously,  as  in  the  case  of  formaldehyde,  but 
usually  only  on  addition  of  a small  quantity  of  some  mineral  acid 
or  of  some  substance,  such  as  ZnCl«,  S02,  &c.,  which  acts  in  a 
rmauner  as  yet  unexplained.  The  most  common  form  of  polvnieris- 
mtion  is  the  combination  of  three  molecules  of  the  aldehyde  to  form 
>suhstances  called  paraldehydes,  such  as  paraformaldehyde,  (( '1  L(  >):l, 
iand  paracetahlehyde  (C._.H40);i,  the  constitutions  of  which  are  usually 
represented  by  the  formula.* 

O 

y'  \ 

CH,-CH  CIT-CH., 

I 

o o 

\ V' 

CH, 

Paracetaldehyde,  or  Paraldehyde. 

The  method  of  combination  of  the  three  molecules  to  form  a 
oaraldehyde  will  he  readily  understood  with  the  aid  of  the  dotted 
ines.  The  paraldehydes  are  decomposed  into  the  original  alde- 
hydes on  distillation  with  dilute  mineral  acids.  They  do  not  show 
.lie  characteristic  reactions  of  aldehydes,  consequently  they  are  not 
.rue  aldehydes,  and  do  not  contain  the  aldehyde  group. 

Aldehydes  are  generally  very  unstable  in  presence  of  alkalies, 
*iy  which  they  are  converted  into  brown  resins  of  unknown 
nature. 

Ketones,  as  mentioned  above,  are  much  more  stable  than  alde- 
hydes ; they  do  not  reduce  alkaline  solutions  of  silver,  copper,  &e., 
*r  combine  directly  with  ammonia  or  with  alcohols,  and  they  do 
not  polymerise  like  the  aldehydes. 

When  treated  with  dehydrating  agents,  both  aldehydes  and 
;*:etones  readily  undergo  condensation,  two  or  more  molecules 
lombining  with  loss  of  water,  as  illustrated  in  the  case  of  aldehyde 
p.  124)  and  acetone  (p.  131).  When  condensations  of  this  nature 
ake  place,  the  hydrogen  atoms  of  one  of  the  -CM.,-  or  0H.r 
j roups,  which  is  in  direct  combination  with  the  ^>CO  group,  are 
i variably  eliminated,  as  shown  in  the  following  schemes,  in  which 
1,  R'  may  he  either  hydrogen  atoms  or  similar  or  different  alkyl 
roups  : 


0 

h-cii  ci  i ii 

i : i 

O . (.) 
^CH 

1 

H 

Paraformaldehyde. 
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R-C:H.,:CO-R'' 
R'-CO  j-CH2-R 


RC-COR' 

||  (Type  of  Mesityl  Oxide). 

R'-C-CHjR 


R-CHoi-COR'  ) R.C-CO-R' 

! i II 

R'-C;0  ;.C;H.,:R  L = R'.C-C-R  (Type  of  Pliorone). 
R-CH2-Cj  0 | R'  R-CITo  C R 

lb  is  nob  necessary  that  the  molecules  undergoing  condensation 
he  identical ; two  different  ketones,  two  different  aldehydes,  or 
an  aldehyde  and  a ketone  may  condense  together,  always  provided 
t hat  the  group  -CH.2-CO-  he  present  in  the  molecule  of  one  at  least 
of  the  substances. 


CHAPTER  IX. 


THE  FATTY  ACIDS. 


The  fatty  acids  form  a homologous  series  of  the  general 
formula  CnH2„  + 1-COOH,  or  CuH2)l02 ; they  may  be  re- 
garded as  derivatives  of  the  paraffins,  the  alcohols,  or  the 
aldehydes. 


Paraffins. 

II- CM, 

CHa-CHj 

CnH5-CH;1 


Alcohols. 


H-CHo-OH 

C2H5-CH„-OH 


Aldehydes. 

H-CHO 

CHs-CHO 

CoH5-CHO 


Fattv  Acids. 

H-COOH 

CH3-COOH 

C2H5-COOH, 


Tlie  term  ‘ fatty  ’ was  given  to  the  acids  of  this  series 
because  many  of  the  higher  members  occur  in  natural  fats, 
and  resemble  fats  in  physical  properties. 

Formic  Acid,  CH202,  or  H-COOH,  occurs  in  nature  in 
nettles,  ants  ( formicce ),  and  other  living  organisms;  the 
sting  of  ants  and  nettles  owes  part,  at  least,  of  its  irritating 
effect  to  the  presence  of  formic  acid.  When  nettles  or  ants  are 
macerated  with  water  and  the  mixture  distilled,  weak  aqueous 
formic  acid  collects  in  the  receiver. 

Formic  acid  can  he  obtained  from  its  elements  by  simple 
methods.  When  carbon  monoxide  is  passed  over  moistened 
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potassium  hydroxide  heated  at  100°,  it  is  slowly  absorbed, 
and  potassium  formate  is  produced, 

CO  + KOII  = H-COOK. 

it  When  moist  carbon  dioxide  is  passed  over  potassium, 
formate  and  carbonate  of  potassium  are  formed,  the  carbon 
i dioxide  being  reduced  by  the  nascent  hydrogen  evolved 
\\  during  the  interaction  of  the  potassium  and  water, 

2H,0  + 2K  = 2KOH  + 2H,  and  CO.,  + 211  + ICOH 
H-CUUK  + II., < ), 

or  3CO,  + 4Iv  + H.,0  = 2H-COOK  + K.2CO;, 

The  acid  may  be  obtained  from  the  potassium  salt  by  dis- 
jj  i tilling  with  dilute  sulphuric  acid. 

Formic  acid  can  also  be  obtained  by  oxidising  methyl 
alcohol  or  formaldehyde  with  platinum  black  (precipitated 
I l^at  inum), 

1 CH.,-(  )H  + 20  = 1 1- COOII  + II.,0  H-CIK ) + 0 = H-COOIl, 
and  by  heating  hydrocyanic  acid  with  alkalies  or  mineral  acids, 
HCN  + 211., 0 = H-C001I  + K II.,* 

Formic  acid  is  prepared  by  heating  oxalic  acid  with  glycerol 
(glycerin) ; it  can  be  obtained  by  heating  oxalic  acid  alone, 

c/yi,  = h-cooh  + co.„ 

but  a large  proportion  of  the  acid  sublimes  without  decom- 
j|! position.  Glycerol  (about  50  c.c.)  is  placed  in  a retort  con- 
. uected  with  a condenser,  crystallised  oxalic  acid  (about  30 
Lgrams)  added,  and  the  mixture  heated  to  about  100-110°; 
||  rather  below  this  temperature,  evolution  of  carbon  dioxide 
| commences,  and  dilute  formic  acid  distils,  but  after  keeping 
rfor  some  time  at  100-110°,  action  ceases.  A further  quantity 
| if  oxalic  acid  is  then  added,  and  the  heating  continued,  when 
j ;arbon  dioxide  is  again  evolved,  and  a more  concentrated 
ij  solution  of  formic  acid  collects  in  the  receiver.  By  adding 

If  tin  he  used,  ammonia  is  liberated,  and  a salt  of  formic  acid 

1'  jbtaim  d ; whereas  when  a mineral  acid  is  employed,  free  formic  acid  and 
| tn  ammonium  salt  are  produced. 
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more  oxalic  acid  from  time  to  time,  a large  quantity  of  formic 
acid  can  be  obtained,  tbe  glycerol,  like  the  sulphuric  acid  in 
the  manufacture  of  ether,  being  able,  theoretically,  to  con- 
vert an  unlimited  quantity  of  oxalic  into  formic  acid. 

When  crystallised  oxalic  acid,  C204H2  + 2H20,  is  heated  with 
glycerol,  it  loses  its  water  of  crystallisation  ; the  anhydrous  acid  is 
then  decomposed  into  carbon  dioxide  and  formic  acid  ; part  of  the 
latter  distils  with  the  water,  part  combining  with  the  hydroxide, 
glycerol,  to  form  the  salt,  glycerol  formate,  or  monofonnin, 

C204H2,2H„0  = HCOOH  + C02  + 2H„0 
C,Hs(OH)s  + HCOOH  = C3H5(0H)2.0-CH0  + H.,0. 

On  adding  more  crystallised  oxalic  acid,  the  monofonnin  is  decom- 
posed by, part  of  the  water  expelled  from  the  oxalic  acid  crystals, 
yielding  glycerol  and  formic  acid, 

C3H5(OH)2OCHO  + H.,0  = C3H5(OH):i  + H-COOH. 

The  regenerated  glycerol  and  the  anhydrous  oxalic  .acid  then 
interact  as  before,  yielding  monofonnin,  carbon  dioxide,  and  water. 

In  order  to  prepare  .anhydrous  formic  acid,  the  aqueous 
distillate  is  gently  warmed  and  excess  of  litharge  added  in 
small  quantities  at  a time,  the  solution  being  gradually  heated 
to  boiling  ; as  soon  as  the  litharge  ceases  to  be  dissolved,  the 
solution  is  filtered  hot,  and  the  filtrate  evaporated  to  a small 
bulk,  when  colourless  crystals  of  lead  formate  are  obtained, 

2H-COOH  + PbO  = (H-COO)2Pb  + H20. 

This  salt  is  carefully  dried,  and  about  P^ths  of  it  introduced 
in  the  form  of  coarse  powder,  between  plugs  of  cotton  wool, 
into  the  inner  tube  of  an  upright  Liebig’s  condenser,  which 
is  connected  above  with  an  apparatus  for  generating 
hydrogen  sulphide,  and  below  with  a suitable  receiver 
closed  with  a calcium  chloride  drying  tube;  the  lead 
formate  is  heated  by  passing  steam  through  the  outer  tube 
of  the  condenser,  and  carefully  dried  hydrogen  sulphide 
is  led  over  it,  when  anhydrous  formic  acid  collects  in  the 
receiver, 


(II-COO).,Pb  + SH2  = 2II-COOH  + PbS. 
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The  acid  is  now  placed  in  a retort  connected  with  a con- 
denser, the  remainder  of  the  dried  lead  salt  added,  and,  after 
warming  gently  for  a short  time,  the  acid  is  distilled,  care 
oeing  taken  to  prevent  absorption  of  moisture;  this  rectilica- 
ion  or  distillation  over  lead  formate  is  necessary  in  order  to 
ree  the  acid  from  hydrogen  sulphide. 

Formic  acid  is  a colourless,  mobile,  hygroscopic  liquid  of 
p.  gr.  1-241  at  0°;  it  solidifies  at  low  temperatures,  melting 
.gain  at  8°,  and  boiling  at  101o„  It  has  a pungent,  irritating 
dour,  recalling  that  of  sulphur  dioxide,  and  it  blisters  the 
vin  like  a nettle  sting  does;  it  is  miscible  with  water  and 
Icohol  in  all  proportions.  The  anhydrous  substance  and  its 
queoufi  solution  have  an  acid  reaction,  decompose  carbonates, 
ad  dissolve  certain  metallic  oxides;  formic  acid,  in  fact, 
shaves  like  a weak  mineral  acid.  Like  the  aldehydes,  it  has 
sducing  properties,  and  precipitates  silver  from  warm  solu- 
ons  of  ammoniacal  silver  nitrate,  being  itself  oxidised 
• carbon  dioxide, 

H-COOH  + Ag.,0  = 2 A g + C02  + H,0. 

When  mixed  with  concentrated  sulphuric  acid,  it  is  rapidly 
■composed  into  carbon  monoxide  and  water, 

H-COOH  = CO  + 11,0, 

id  when  heated  alone  at  1G0°  in  closed  vessels,  it  yields 
rbon  dioxide  and  hydrogen, 

H-COOH  = CO,  + IT,. 

The  Formates,  or  salts  of  formic  acid,  are  prepared  by 
utralising  the  acid  with  alkalies,  hydroxides,  &c.,  or  by 
ublc  decomposition ; they  are  all  soluble  in  water,  but 
me,  such  as  the  lead  and  silver  salts,  only  moderately  easily  ; 
jy  are  all  decomposed  by  warm  concentrated  sulphuric  acid, 
th  evolution  of  carbon  monoxide,  and  by  dilute  mineral 
ds,  yielding  formic  acid.  The  sodium  salt,  H-COONa,  and 
! 'potassium  salt,  H-COOK,  are  deliquescent;  when  heated 
about  2oOJ,  they  are  converted  into  oxalates  with  evolution 
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of  hydrogen,  a reaction  which  may  be  made  use  of  for  the 
preparation  of  pure  hydrogen, 

2H-C00Na  = C204Na,  + H., 

When  ammonium  formate,  is  strongly  heated,  it  is  first  con- 
verted into  formamide  (p.  162),  then  into  hydrogen  cyanide, 
water  being  eliminated  in  both  stages, 

H-COOKH4  = II-CO-NH.,  + H.,0 
TBCONH,  - HCN  + H,<). 

Silver  formate,  H-COOAg,  is  precipitated  in  colourless 
crystals  on  adding  silver  nitrate  to  a concentrated  solution  of 
an  alkali  formate,  but  it  is  unstable,  and  quickly  darkens  on 
exposure  to  light,  very  rapidly  on  boiling. 

In  order  to  test  for  formic  acid  or  a formate,  the  solution, 
if  acid,  is  neutralised  with  soda,  and  a portion  warmed  with 
an  ammoniacal  solution  of  silver  nitrate ; if  a black  precipitate 
of  silver  be  produced,  the  presence  of  formic  acid  is  confirmed 
by  evaporating  the  rest  of  the  neutral  solution  to  dryness, 
and  then  warming  the  residue  very  gently  with  concentrated 
sulphuric  acid,  when  carbon  monoxide  is  evolved,  and  may 
be  ignited  at  the  mouth  of  the  test  tube. 

Constitution. — Formic  acid  is  produced  from  methyl  alcohol, 

H 

H— d'— 0— H,  by  the  substitution  of  one  atom  of  oxygen  for 

J 

H 

two  atoms  of  hydrogen,  and  must,  therefore,  have  the  con- 
stitution 

H H 

I I 

0 = C — 0— H or  H— C— O, 

\/ 

0 

because  these  are  the  only  formulas  which  can  be  constructed, 
assuming,  ns  usual,  that  the  atoms  have  the  indicated  valencies. 
But  the  second  formula  does  not  correctly  indicate  the  be- 
haviour of  formic  acid  ; it  represents  the  two  hydrogen  atoms 
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Ii-.s  being  in  the  same  state  of  combination,  which  is  very 
improbable,  since  one  of  them  is,  the  other  is  not,  readily 
displaced,  by  metals ; it  does  not  recall  the  fact  that  formic 
cid  behaves  in  some  respects  like  an  aldehyde,  which  is 
indicated  in  the  first  formula  by  the  presence  of  the  aldehyde 
II 

rroup  | For  these  and  other  reasons,  which  will  be 
0 = C— 

een  more  clearly  after  considering  the  case  of  acetic  acid 
>■>.  152),  the  constitution  of  formic  acid  is  represented  by 
re  first  formula,  which  is  usually  written  H-COOIT,  or 
i mply  H-COOH.  From  analogy  with  methyl  alcohol  and 
ther  compounds,  it  may  be  assumed  that  it  is  the  hydrogen 
tom  of  the  HO-  group,  and  not  that  directly  combined  with 
1 rrbon,  which  is  displaced  when  the  acid  forms  salts. 

Acetic  Acid,  C,H,02,  or  CH3*COOH,  occurs  in  nature  in 
ombination  with  alcohols  in  the  essences  or  odoriferous  oils 
many  plants,  and  is  formed  during  the  decay  of  many 
j. ‘ganic  substances.  It  can  he  produced  by  gently  heating 
i idium  methoxide  in  a stream  of  carbon  monoxide,  just  as 
rrmic  acid  may  Ire  obtained  from  sodium  or  potassium 
■/droxidc  under  the  same  conditions, 

CH.j'OXa  + CO  , CHg-COONa; 

'80  by  boiling  methyl  cyanide  (p.  285)  with  alkalies  or 
! ineral  acids, 

CH3-CX  + 211,0  = Cl X ) I C + N I [., ; 

d by  exposing  alcohol  or  aldehyde  in  contact  with  platinum 
ick  to  the  oxidising  action  of  the  air, 

CsH60  + 20  = C,H4( ),  + 1 1 .,( ) 20,11,0  + 20  = 20,11,0,. 

Acetic  acid  is  manufactured  on  the  large  scale  from  the 
j tablets  of  the  dry  distillation  of  wood.  The  brown  acpieous 
rtion  of  the  distillate,  obtained  on  heating  wood  in  iron 
orts  (p.  8!)),  contains  a large  quantity  of  acetic  acid,  and  is 
led  pi/rolir/iieoux  arid;  it  is  first  distilled  with  lime,  as 
eady  described,  to  separate  the  methyl  alcohol,  acetone, 
l other  volatile  neutral  substances,  and  the  solution  of 
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calcium  acetate  is  then  evaporated  in  iron  pans,  when  tarry 
or  ‘ empyreumatic  ’ matter  rises  as  a scum  and  is  skimmed 
oil'.  The  solution  is  finally  evaporated  to  dryness,  and  the 
calcium  salt  distilled  with  concentrated  hydrochloric  acid 
from  copper  vessels,  care  being  taken  not  to  employ  excess  of 
acid, 

(CJI,02)2Ca  + 2 II Cl  = 2C.,H402  4-  CaCl2. 

The  concentrated  aqueous  acetic  acid  which  collects  in  the 
receiver  is  now  mixed  with  a little  potassium  permanganate 
or  bichromate,  and  again  distilled,  by  which  means  most  of 
the  impurities  are  oxidised,  and  commercial  acetic  acid  is 
obtained. 

Vinegar. — When  beer,  or  a weak  wine  such  as  claret,  is 
left  exposed  to  the  air,  it  soon  becomes  sour,  the  alcohol 
which  it  contains  being  converted  into  acetic  acid, 

C2H60  + 02  = C,H40,  + H20. 

This  change  is  not  a simple  oxidation,  as  represented  by  the 
equation,  but  a process  of  fermentation  brought  about  by  a 
living  ferment,  mycoderma.  aceti.  This  ferment,  being  in  the 
atmosphere,  soon  finds  its  way  into  the  solution,  where  it 
grows  and  multiplies  and  in  some  way  causes  the  alcohol  to 
combine  with  the  oxygen  of  the  air  to  form  acetic  acid. 
Strong  wines,  such  as  port  and  sherry,  do  not  turn  sour  on 
exposure  to  the  air,  nor  does  an  aqueous  solution  of  pure 
alcohol,  no  matter  how  dilute,  because  the  ferment  is  killed 
by  strong  alcohol,  and  cannot  live  in  pure  aqueous  alcohol, 
since  the  latter  does  not  contain  nitrogenous  substances, 
mineral  salts,  &c.,  which  the  ferment  requires  for  food,  and 
which  arc  present  in  beers  and  wines. 

Vinegar  is  simply  a dilute  solution  of  acetic  acid,  contnin- 
ing  colouring  matter  and  other  substances,  obtained  by  the 
acetous  fermentation  of  poor  wine  or  wine  residues,  of 
beer  which  has  turned  sour,  and  of  other  dilute  alcoholic 
liquids ; it  is  manufactured  by  one  of  the  two  following 
processes. 
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In  the  old  French  or  Orleans  process,  a small  quantity  of 
urine  is  placed  in  large  vats  covered  with  perforated  lids,  the 
ats  having  been  previously  soaked  inside  with  hot  vinegar; 
he  ferment  soon  gets  into  the  wine,  and  vinegar  is  produced, 
Hie  solution  gradually  becoming  coated  with  a slimy  film, 
uown  as  ‘ mother-of-vinegar,’  which  is  simply  a mass  of 
ae  living  ferment.  After  some  time  more  wine  is  added, 
lie  process  being  repeated  at  intervals  until  the  vat  is  about 
aalf  full ; most  of  the  vinegar  is  then  drawn  oil’,  and  the 
jperations  repeated  with  fresh  quantities  of  wine. 

In  the  modern  German  or  ‘quick  vinegar  process,’  large 
kits,  provided  with  perforated  sides,  and  fitted  near  the  top 
id  bottom  with  perforated  discs,  are  employed,  the  space 
ietween  the  discs  being  filled  with  beech-wood  shavings, 
i'liicli  are  first  moistened  with  vinegar  in  order  that  they 
iay  become  coated  with  a growth  of  the  ferment;  diluted 
raw-spirit,’  containing  6-10  per  cent,  of  alcohol,  mixed  with 
bout  20  per  cent,  of  vinegar,  or  with  beer,  or  malt  extract, 

> provide  food  for  the  ferment,  is  then  poured  in  at  the 
jap,  when  it  slowly  trickles  through  the  shavings  in  contact 
ith  the  ferment,  and  provided  with  a free  supply  of  air. 
lie  liquid  which  collects  at  the  bottom  is  again  poured 
i/er  the  shavings,  the  operations  being  continued  until  it 
converted  into  vinegar — that  is  to  say,  until  almost  the 
liole  of  the  alcohol  has  been  oxidised  to  acetic  acid.  This 
ocess  is  much  more  rapid  than  the  Trench  method,  since 
j :idation  is  hastened  by  the  exposure  of  a large  surface  of 
e liquid;  in  both  processes  the  fermenting  liquid  must 
j kept  at  a temperature  of  25-40°. 

’Vinegar  produced  by  the  Trench  process  contains  6-10 
r cent,  of  acetic  acid  ; whereas  that  produced  by  the 
Ijerman  process  from  diluted  raw-spirit  contains  only  4-6 
r cent,  of  acetic  acid.  Vinegar  is  used  for  table  purposes 
d in  the  manufacture  of  white-lead  and  verdigris  (see 
low)  ; it  is  too  dilute  to  bo  economically  employed  for  the 
; eparation  of  commercial  acetic  acid. 
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Pure  acetic  acid  is  prepared  by  distilling  anhydrous  sodium 
acetate  with  concentrated  sulphuric  acid ; this  salt  is  obtained 
by  neutralising  the  impure  commercial  acid  -with  sodium 
carbonate,  recrystallising,  and  then  fusing  to  expel  the  water 
of  crystallisation.  The  distillate  from  this  process  contains 
only  a small  quantity  of  water,  and  solidifies,  when  cooled, 
to  a mass  of  colourless  crystals;  it  is  then  termed  glacial 
acetic  acid  in  contradistinction  to  the  weaker  acid,  which 
does  not  crystallise  so  readily.  The  small  quantity  of  water 
in  glacial  acetic  acid  can  be  got  rid  of  by  separating  the 
crystals  from  tho  more  dilute  mother-liquors  by  pressure, 
melting  them,  and  then  cooling  again,  repeating  the  processes 
if  necessary. 

Anhydrous  acetic  acid  is  a colourless,  crystalline,  hygro- 
scopic solid,  melts  at  10-5°,  boils  at  118°,  and  has 
the  sp.  gr.  T080  at  0°;  it  has  a pungent,  penetrating 
smell,  a burning  action  on  the  skin,  and  a sharp  sour  taste ; 
it  is  inflammable  when  near  its  boiling-point,  burning  with 
a feebly  luminous  ilame.  It  is  miscible  with  water,  alcohol, 
and  ether  in  all  proportions,  and  is  an  excellent  solvent  for 
most  organic  compounds,  and  for  many  inorganic  substances, 
such  as  sulphur,  iodine,  Ac.,  which  are  insoluble  in  water. 
It  is  a fairly  strong  acid,  dissolves  certain  metals,  and 
acts  readily  on  metallic  hydroxides  ; unlike  formic  acid,  it 
lias  not  reducing  properties.  The  pure  acid  does  not 
decolourise  potassium  permanganate  ; if  impure,  it  will  pro- 
bably do  so. 

Acetic  acid  is  largely  used  in  medicine,  in  chemical  labora- 
tories, and  in  the  manufacture  of  organic  dyes,  as  well  as 
for  the  preparation  of  many  acetates  of  considerable  com- 
mercial importance ; the  uses  of  vinegar  have  been  men- 
tioned. 

The  Acetates,  or  salts  of  acetic  acid,  are  prepared  by 
neutralising  the  acid  with  carbonates,  hydroxides,  Ac.,  or  by 
double  decomposition  ; they  arc  crystalline  compounds,  sol- 
uble in  water,  and  decomposed  by  mineral  acids  with  libera- 
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dion  of  acetic  acid.  Sodium  acetate,  C.,H302Na  + 3H.>0,  is 
p extensively  used  in  the  laboratory;  it  melts  in  its  water  of 
! crystallisation  when  heated,  but  as  the  water  is  expelled,  it 

I -solidifies  again.  The  anhydrous  salt  is  hygroscopic,  and  is 
ased  as  a dehydrating  agent.  Potassium  acetate,  CJf.,U._,K, 
-s  deliquescent.  Ammonium  acetate  is  gradually  decomposed 
nto  acetamide  (p.  162)  and  water  on  dry  distillation, 
3, ,11 -Mil  , - CH;!-C(  )-2s  1 + H„().  Silver  acetate  is  pre- 

cipitated in  colourless  crystals  on  adding  silver  nitrate  to  a con- 
centrated neutral  solution  of  an  acetate ; it  is  moderately  sol- 
lble  in  cold  water,  and  docs  not  darken  on  exposure  to  light. 
Popper  acetate,  (C.Jl.f  >.,)oCu  + H.,0,  is  obtained  by  dissolving 
cupric  oxide  in  acetic  acid  ; it  is  a dark,  greenish-blue  sub- 
stance. Verdigris  is  a blue,  basic  copper  acetate,  (C,H.,0,)2Cu 
-+■  (Ju(OH).,,  containing  water  of  crystallisation,  and  is  iiiaim- 
iactured  by  leaving  sheet-copper  in  contact  with  vinegar, 
ar  with  grape-skins,  the  sugars  in  which  have  undergone 
ennentation  first  into  alcohol,  then  into  acetic  acid.  When 
[ cashed  with  water,  part  of  the  salt  dissolves  and  green  verdigris 
-s  obtained  ; both  these  basic  acetates  are  used  as  pigments, 
lopper  acetate  and  copper  arsenite  unite  to  form  a beautiful 
merald  green,  insoluble  double  salt,  (C.,1  L,(  )„).,Cu  + (As03).,Cu.{, 
mown  as  Scluceinfurth's  green.  This  substance  was  formerly 
j mployed  in  large  quantities  in  colouring  wall-papers,  carpets, 
finds,  Ac.  ; but  as  its  dust  is  poisonous,  and  as  it  is  liable 
j decompose  in  presence  of  decaying  starch  or  other  organic 
latter,  with  evolution  of  hydrogen  arsenide,  its  use  is 
ow  almost  abandoned.  Lewi  acetate,  or  ‘ sugar  of  lead,’ 

| 32H;. PI i 4-  3H.,0,  prepared  by  dissolving  litharge  in  com- 
lercial  acetic  acid,  has  a sweet  (sugary)  astringent  taste, 
nd  is  very  poisonous;  when  its  solution  is  boiled  with 
tliarge,  a soluble  basic  lead  acetate  is  formed.  Ferric  acetate 
* prepared  on  the  large  scale  by  dissolving  scrap  iron  in 
yroligneous  acid,  the  greenish  ferrous  salt  first  produced 
eing  rapidly  oxidised  in  contact  with  the  air  and  excess 
t acetic  acid  to  the  deep  reddish-brown  ferric  salt ; the 
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solution  is  known  in  commerce  as  ‘iron  liquor,’  or  ‘black 
liquor.’  When  a solution  of  ferric  acetate  containing  traces 
of  other  salts  is  heated,  an  insoluble  basic  iron  salt  is  pre- 
cipitated, the  solution  becoming  clear ; this  property  is  made 
use  of  in  separating  the  metals  of  the  iron  group,  also  in 
dyeing  and  ‘ printing  ’ cotton,  for  which  purpose  ‘ iron 
liquor’  is  used  as  a mordant.  Aluminium  acetate  is  pre- 
pared by  precipitating  a solution  of  aluminium  sulphate 
with  sugar  of  lead,  or  by  dissolving  precipitated  aluminium 
hydroxide  in  acetic  acid;  its  solution  is  known  as  ‘red 
liquor,’  and  is  used  as  a mordant,  as,  when  heated,  it  loses 
acetic  acid,  an  insoluble  basic  salt  being  formed.  Chromic 
acetate  is  prepared  by  similar  methods,  and  is  also  used 
as  a mordant. 

If  a solution  is  to  be  tested  for  acetic  acid  or  an  acetate, 
it  is  boiled  with  a few  drops  of  strong  sulphuric  acid,  when 
the  characteristic  smell  of  acetic  acid  is  observed.  A fresh 
portion  of  the  solution  is  then  neutralised  with  soda,  if 
necessary,  evaporated  to  dryness,  and  the  residue  warmed 
with  a few  drops  of  alcohol  and  a little  strong  sulphuric 
acid,  when  ethyl  acetate  (p.  185)  is  formed ; this  substance 
is  recognised  by  its  pleasant  fruity  odour  (which  should  be 
compared  with  that  of  alcohol  and  of  ether). 

Constitution. — The  formation  of  acetic  acid  by  the  oxida- 
tion of  ethyl  alcohol  is  clearly  a process  similar  to  that 
by  which  formic  acid  is  produced  from  methyl  alcohol ; 
if,  therefore,  the  two  changes  lie  represented  in  a similar 
manner, 


H-CH..-OH  + 20  = H-CO-OH  + H„0 

ch3-ch"2-oh  + 20  = ch,.co-oh  + h'o, 

the  constitution  of  acetic  acid  will  be  expressed  by  the 

If 


Again,  formic  acid  is  produced  when  hydrogen  cyanide  is 


formula 


H 
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'boiled  with  mineral  acids  (p.  143),  whilst  acetic  acid  is  formed 
[from  methyl  cyanide  under  the  same  conditions.  Expressing 
ithese  two  changes  in  a similar  manner, 

H-CN  + 2H,0  = H- CO-OH  + NIL, 

Clhj-CX  + 2H.]0  = C1L-CO-OH  + KH3, 


tthe  constitution  of  acetic  acid  will  be  represented  by  the 
Came  formula  as  before. 

If  now  the  properties  of  acetic  acid  be  considered,  it  will 
oe  evident  that  the  constitutional  formula  arrived  at  in 
; his  manner  indicates  the  chemical  behaviour  of  the  acid, 
(sand  accounts  for  its  methods  of  formation,  decompositions, 
..ml  relations  to  other  compounds  better  than  any  other 
I lormula. 

From  the  numerous  arguments  which  might  be  advanced 
in  support  of  this  statement,  the  following  only  will  be 
noted:  (1)  Acetic  acid  contains  an  II()—  group,  because  its 
behaviour  with  phosphorus  pentachloride  is  similar  to  that  of 
I lcohols  (p.  95).  (2)  It  contains  a methyl  or  Cl  I.,-  group — 

I lat  is  to  say,  three  of  the  four  atoms  of  hydrogen  in  acetic 
hcid  are  directly  combined  with  carbon.  This  is  shown  by 
. re  fact  that  three  of  the  four  hydrogen  atoms  behave  like 
! I lose  in  CTI„  C.,H6,  Ac.,  and  are  displaceable  by  free  chlorine 
>.  162)  ; also  by  the  production  of  ethane  by  the  electro- 
11 -sis  of  potassium  acetate,  a change  which  can  be  formulated 
a simple  manner,  only  by  assuming  the  presence  of  a 
II.  - group, 


ch3guok 

Cl  1., COOK 


CH,  CO., 

l + “ + 


CII,  ccc 


2K. 


! nee,  then,  judging  by  its  chemical  behaviour,  acetic  acid 
I ntains  a CH;J-  and  an  HO-  group,  it  must  have  the 

\ nstitution  CII^-Cn^q  which  confirms  the  conclusion 

| eviously  arrived  at. 

The  relation  between  formic  and  acetic  acids,  and  their 
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similarity  in  certain  chemical  properties,  are  satisfactorily 
accounted  for  by  the  constitutional  formulae 

H<oH  and  Cll3-C<gH) 


which  thus  confirm  one  another.  The  acids  are  both  repre- 


sented as  containing  the  monovalent  group  of  atoms -C 


■?Q 

M)H, 


which  has  not  been  met  with  in  any  of  the  neutral 
compounds  yet  considered ; it  may  be  concluded,  there- 
fore, that  their  characteristic  acid  properties  are  due 
to  the  presence  of  this  group.  As,  moreover,  aldehydes 


contain  the  group  -C 


^0 

Mr 


but  do  not  contain  hydrogen 


displaceable  by  metals,  it  must  be  the  hydrogen  atom  of 
the  HO-  group  which  is  displaced  when  the  acids  form 
salts.  The  particular  monovalent  group  of  atoms  common 
to  formic  and  acetic  acids  is  named  the  carboxyl- group,  and 
is  usually  written  -CO -Oil,  or  simply,  for  convenience, 
-COOH. 

Homologues  of  Acetic  Acid. — As  all  the  higher  members 
of  the  series  of  fatty  acids  resemble  formic  and  acetic  acids 
in  chemical  properties,  may  be  produced  by  similar  methods, 
and  undergo  similar  changes,  it  is  assumed  that  they  all  con- 
tain a carboxyl-group.  With  the  exception  of  formic  acid, 
they  may,  in  fact,  be  regarded  as  derived  from  the 
paraffins,  by  the  substitution  of  the  monovalent  carboxyl- 
group  for  one  atom  of  hydrogen ; acetic  acid,  CHyCOOH, 
from  methane,  CH4;  propionic  acid,  C.JT^-COOH,  from  ethane; 
and  so  on.  They  form,  therefore,  a homologous  series  of 
the  general  formula  CnH2)1+  i-COOlT,  or  CwH2„02,  and  are 
all  monobasic  or  monocarboxyl ic  acids. 

As  in  other  homologous  scries,  the  higher  members  exist  in 
isomeric  forms,  the  number  of  isomerides  theoretically  possible 
in  any  given  case  being  the  same  as  that  of  the  corresponding 
primary  alcohols.  The  two  isomeric  acids,  butyric  acid, 
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?ir..-CIT.,-CH.,*COOH,  and  isobutvrie  acid,  ^H^CH-COOH, 

ot  example,  coiTespond  with  the  two  primary  alcoliols, 

H . j • C H 2 • C H • C H • 0 H , and  CHy>CH-CH,  ( )H,  respectively. 

Those  isomerides  which  are  derived  from  the  normal 
laraffins,  by  substituting  C ( ) ( ) 1 1 for  one  atom  of  hydrogen 
in  the  CH.,  group,  are  termed  normal  or  primary  acids, 
-s  normal  butyric  acid,  CH.,  ( II.,-CTf.,-C(  >(  )1I,  normal 
eptylic  acid,  CH;J-CH.)-CH.,,CTi.)-t'lI.1-(TI.,'C()0]l ; those 

i/hicli  contain  the  grouj)  arc  usually  termed 

jO-acids,  as,  for  example,  isobutyric  acid,  ^,||^X.TI-C001 1, 

iovaleric  acid,  |,|_|^>CTLC'H2-C0011,  but  the  term  is  not 
-sed  very  systematically. 

With  the  exception  of  the  normal  acids  and  one  or  two 
ell-known  iso-acids,  such  as  those  just  quoted,  it  is  usual, 
) avoid  confusion,  to  name  the  fatty  acids  as  if  they  were 
erived  from  acetic  acid,  just  as  the  alcohols  are  regarded  as 
crivatives  of  earbinol ; the  four  isomerides  of  the  molecular 
irmula  C5H,nO.,,  for  example,  are  named  as  follows: 


H..  • CH  2-  CdC,  • CM • COO  1 1 

Normal  Valeric  Acid 
(Propylacctic  Acid). 


pj[2>LTI-CH2-COOH 

Isovaleric  Aciil 
(Isopropylacetic  Acid). 


Cll\  1 

,,  ^>CH-CnoiI  OH.-^C-COOH. 

- 5 CHf 

Methyletliylacetic  Acid.  Trimethylucelic  Acid. 

Propionic  acid,  G:ilInOa,  or  t’ll:i-ClI.,-CO(  HI,  exists  in 
ly  one  form,  and  occurs  in  crude  pyroligneous  acid  ; it  is 
| rmed  when  acrylic  acid  (p.  257)  is  reduced  with  sodium 
1 lalgarn, 

C.,n,0,  + 2H  = c,Hro2, 

d when  lactic  acid  (p.  225)  is  heated  with  concentrated 
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hydriodic  acid,  which,  at  a high  temperature,  is  a powerful 
reducing  agent,* 

CHs.CH(OH).COOH  + 2HI  = CH3-CH,-COUH  + H20  + I2. 
It  is  prepared  by  oxidising  propyl  alcohol  with  chromic  acid, 
CH3-CH2-CH2-OH  + 20  = CH3-CH2-COOH  + h2o. 
Propionic  acid  is  a colourless  liquid,  boils  at  141°,  and  has  a 
pungent  sour  smell ; it  is  miscible  with  water  in  all  propor- 
tions, but  on  adding  a little  calcium  chloride  to  the  solu- 
tion, part  of  the  acid  separates  at  the  surface,  forming  an 
oily  layer.  This  property  is  characteristic  of  all  fatty  acids, 
which  are  readily  soluble  in  water,  except  formic  and  acetic 
acids.  Propionic  acid  is  a mono-carboxylic  acid,  and  closely 
resembles  acetic  acid  in  chemical  properties ; its  salts,  the 
propionates,  are  soluble  in  water,  and  of  little  importance. 

There  are  two  acids  of  the  molecular  formula  C4HsO„. 
Normal  butyric  acidi  CH3-CH2-CH2-COOH,  occurs  in  the 
vegetable  and  animal  kingdoms,  both  in  the  free  state  and 
in  combination  with  glycerol ; it  is  an  important  constituent 
of  butter.  It  is  formed  during  the  decay  of  nitrogenous 
animal  matter,  and  during  the  butyric  fermentation  of  lactic 
acid.  "When  milk  is  left  exposed  to  the  air,  it  turns  sour, 
the  milk  sugar  which  it  contains  being  converted  into  lactic 
acid  by  a minute  organism,  the  lactic  ferment,  which  is 
present  in  the  air,  and  finds  its  way  into  the  milk, 

C12H22On  + II., 0 = 4C.,H603. 

Milk  Sugar.  Lactic  Acid. 

The  lactic  ferment  has  the  power  of  converting  other  sugars 
besides  milk  sugar  (or  lactose)  into  lactic  acid.  If  now  a little 
decaying  cheese  be  added  to  the  sour  milk,  and  the  solu- 


* In  the  reduction  of  lactic  acid  the  following  changes  occur : 
CH3CH(OH)COOH  + HI  = CH3.CHI.COOH  + HoO 


CH3.CIII.COOH  + H 


1 = 


CH3.CH0.COOH  + Io. 


In  such  reductions  it  is  usual  to  add  a pinch  of  amorphous  phosphorus  to 
the  mixture,  in  order  that  the  iodine  may  be  reconverted  into  hydriodic 
acid  (31  + P + 3HoO  = HjPOj  + 3HI). 
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liimi  Iw  kept  neutral  Ivy  adding  some  chalk,  -'  hut  yin  c ferment [a- 
Yion  sets  in,  the  lactic  acid  being  converted  into  butyric 
lucid  by  the  action  of  another  organism,  the  butyric  ferment, 
f vhich  is  present  in  the  decomposing  cheese, 

2CJI,<  >;i  = C4Hs02  + 2CO,  + 2H2. 
dutyric  acid  is  usually  prepared  by  a combination  of  these 
wo  processes  of  fermentation. 

Butyric  acid  is  a thick  sour  liquid,  boiling  at  103°.  Jt  has 
very  disagreeable  odour,  like  that  of  rancid  butter  and  stale 
lerspiration,  in  which  it  occurs  ; it  is  miscible  with  water 

In  all  proportions,  but  separates  on  adding  calcium  chloride. 
The  butyrates,  or  salts  of  butyric  acid,  are  soluble  in  water; 
lhe  calcium  salt  (C4lI70.-,).,Ca  + H.,0  is  more  soluble  in  cold 
ban  in  hot  water,  so  that  when  a cold  saturated  solution 
s heated,  part  of  the  salt  separates  in  crystals,  and  the 
; olution  becomes  turbid. 

Isobutyric  acid,  or  dimethylacetic  acid,  (CH3)2CH-COOH, 

! my  be  prepared  by  the  oxidation  of  isobutyl  alcohol, 

(CH3)2CH-CH2OH  + 20  = (CH3)2CH-COOH  + up. 

: boils  at  155°,  and  resembles  the  normal  acid  very  closely, 
it,  is  not  miscible  with  water  in  all  proportions,  one  part 
’ the  acid  requiring  about  five  parts  of  water  for  solution, 
he  calcium  salt  (C,H7<  'a  + 511  ),  unlike  that  of  butyric 
I id,  is  more  soluble  in  hot  than  in  cold  water. 

Of  the  four  isomerides  of  the  molecular  formula  C5II10O.„ 
avaleric  acid,  or  isopropylacctic  acid, (Cl  1 ,).,CH-CI  l.,C<  )<  >H, 
d active  valeric  acid,  or  methylethylacetic  acid, 

[,Tff>cir.cooii, 

* lhe  most  important.  These  acids  occur  together  in  the 
mt  all-heal,  or  valerian,  and  in  angelica  root ; the  mixture 
acids  obtained  by  distilling  the  macerated  plants  with  water 
known  as  valeric  or  valerianic  acid,  and  is  an  oily  liquid, 
ding  at  about  174°.  A mixture  of  these  two  acids  may 

I lie  ferment  ceases  to  act  if  the  solution  become  too  strongly  acid. 
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be  prepared  by  oxidising  commercial  amyl  alcohol  (p.  105) 
with  chromic  acid. 

The  hexylic  acids,  C6H1202,  are  of  little  importance  ; seven 
of  the  eight  isomerides  theoretically  possible  are  known, 
including  normal  hexylic  acid  (caproic  acid). 

Normal  heptylic  acid,  C7H1402,  or  C8H]3-COOH,  ono  of 
the  seventeen  theoretically  possible  isomerides,  of  which 
only  nine  are  known,  is  prepared  by  oxidising  castor-oil  or 
oenanthaldehyde  (p.  127)  with  nitric  acid;  it  is  an  oily, 
rather  unpleasant  smelling  liquid,  sparingly  soluble  in  water; 
it  boils  at  223°,  and,  like  all  the  lower  members  of  the  series, 
is  readily  volatile  in  steam. 

Palmitic  acid,  C16H32(  >.„  or  C15H31-C<  )OH,  and  stearic  acid, 
C18H3802,  or  Cl7H35.COOH,  occur  in  large  quantities  in  animal 
and  vegetable  fats  and  oils  (p.  166),  from  which  they  are 
prepared  on  the  large  scale  principally  for  the  manufacture 
of  stearin  candles ; they  are  colourless,  waxy  substances, 
melting  at  62°  and  69°  respectively,  and  insoluble  in  water, 
but  soluble  in  alcohol,  ether,  &c.  Their  sodium  and  potas- 
sium salts  an;  soluble  in  pure  water,  and  are  the  principal 
constituents  of  soaps  (p.  168),  but  their  calcium,  magnesium, 
and  other  salts  are  insoluble.  A mixture  of  these  two  acids 
was  at  one  time  thought  to  be  a definite  compound,  and 
named  margaric  acid;  this  name  is  now  given  to  an  arti- 
ficially prepared  acid,  Cl7H.)4<  >2,  or  C16H33-C( )OII,  which  stands 
between  palmitic  and  stearic  acids  in  the  series,  and  which 
seems  not  to  occur  in  nature. 

Derivatives  of  the  Fattg  Acids. 

Acid  Chlorides. — When  phosphorus  pentachloride  is  added 
to  anhydrous  acetic  acid,  an  energetic  action  takes  place,  and 

acetyl  chloride,  CH.,-Cw!p  is  formed,  with  evolution  of 

hydrogen  chloride ; this  change  is  analogous  to  that  which 
occurs  when  an  alcohol  is  treated  with  phosphorus  penta- 
chloride, 
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CH, -CO-OH  + PC15  = CH,-COCl  + POCl3  + HC1 
CH3-CH.2-OH  + PC15  = CH3-CH2C1  + POOL,  + IICl. 
li  ■>hosphoms  trichloride  and  oxychloride  also  convert  acetic 
lccid  into  acetyl  chloride. 

Acetyl  chloride  is  best  prepared  by  adding  phosphorus 
I trichloride,  or  oxychloride,  from  a tap  funnel  to  anhydrous 
I:  odium  or  potassium  acetate  contained  in  a retort  connected 
frith  a condenser,  and  then  distilling  from  a water-bath;  a 
phosphite,  or  a mixture  of  metaphosphate  and  chloride,  is 
eft  in  the  retort, 

3CH3.COOXa  + PCI.,  = 3CH3-C0C1  + Nn3PO., 
2CH3-COOK  + POCi3  - 2CH.,-COCl  + KP03  + KC1. 

jt;  is  a colourless,  pungent-smelling  liquid,  boils  at  55°,  and 
* imes  in  moist  air;  when  poured  into  water,  it  is  rapidly 
Decomposed,  with  formation  of  acetic  acid. 

CH.j-C'OCl  + H.,<>  = CHvCOOH  + HC1. 

j cetyl  chloride  bears  the  same  relation  to  acetic  aciil  as 
■hyl  chloride  to  alcohol ; it  may,  in  fact,  be  produced  by 
h issing  hydrogen  chloride  into  anhydrous  acetic  acid  con- 
ining  phosphorus  pentoxide,  which  combines  with  the 
ater  formed,  and  thus  prevents  the  reverse  cliango  (compare 
hercal  salts,  p.  187), 

CH3-COOH  + IICl  , ch.  coci  + h.2o. 

(cetyl  chloride  is  not  only  quickly  decomposed  by  alkalies 
d by  water,  but  also,  more  or  less  rapidly,  by  all  compounds 
i ntaining  one  or  more  hydroxyl-groups ; the  interaction 

I ways  takes  place  in  such  a way  that  hydrogen  chloride  is 

Ijoduced,  the  monovalent  aci-ti/l- group  Cll..-Ch<)  displacing 

II  a hydrogen  of  the  hydroxyl-group, 

CJIj'OH  + ('IL-COCI  = C.,II5-0. CO-CPI.,  + IICl 

csiiroH  + ch3-coci  = c.’Trro.co-cn.t’+  nci. 

Ij  etyl  chloride  may  therefore  bo  employed  as  a reagent  for 
) “firinining  the  presence  of  a hydroxyl-group.  All  that  is 
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necessary  is  to  add  the  dry  substance,  in  the  state  of  a fine 
powder,  if  a solid,  to  excess  of  acetyl  chloride,  and  then  heat 
the  mixture  or  solution  for  some  time.  The  substance  may 
be  recovered  unchanged,  indicating  that  it  is  not  a hydroxy- 
compound,  or  it  may  be  converted  into  a new  substance, 
an  acetyl  derivative,  by  the  substitution  of  the  acetyl-group 
for  hydrogen ; in  the  latter  case,  a combustion  of  the  sub- 
stance is  usually  made,  in  order  to  ascertain  its  composition, 
from  which  the  number  of  times  the  acetyl-group  has  dis- 
placed hydrogen  is  determined  ;*  or,  since  acetyl  derivatives 
are  decomposed  by  boiling  acids  and  alkalies,  the  percentage 
of  acetic  acid  obtained  from  the  substance  may  be  directly 
estimated, 

C2H5-0-C0-CH3  + KOH  = CJTr.-OH  + CH8-COOK. 

All  the  fatty  acids  except  formic  acid  may  be  converted  into 
acid  chlorides,  such  as  propionyl  chloride,  CHs-CH2*COC1,  by  the 
methods  described  above ; the  products  resemble  acetyl  chloride 
in  chemical  properties,  and  may  be  employed  for  the  detection 
of  hydroxyl -groups.  Acid  bromides,  such  as  CH3-COBr,  can  be 
obtained  in  a similar  manner. 

Anhydrides. — The  hydrogen  atom  in  a carboxyl-group 
-COOH  is  not,  as  a rule,  displaced  by  the  acetyl-group  on 
treatment  with  acetyl  chloride,  but,  when  an  alkali  salt  of 
a fatty  acid  is  heated  with  acetyl  chloride,  an  acetyl  derivative 
of  the  acid  is  formed, 

CH3.COOK  + CH3-COCl  = CHg-CO-O-CO-CHg  + KCl. 

The  compound  obtained  from  an  acetate  in  this  way  may 
be  regarded  as  acetyl  oxide,  (CH3-C0)20,  or  as  an  anhydride 
of  acetic  acid,  derived  from  2 mols.  of  the  acid  by  loss 
of  1 mol.  of  water,  just  as  ethers  are  derived  from  alcohols, 
and  inorganic  anhydrides  from  the  corresponding  acids, 

* Except  when  the  .acetyl  derivative  has  the  same,  or  nearly  the  same 
percentage  composition  as  the  original  substance,  in  which  case  the 
number  of  acetyl  groups  in  the  molecule  is  determined  by  boiling  with 
standard  alkali  or  acid,  and  then  estimating  by  titration  the  amount  of 
acetic  acid  which  has  been  formed. 
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Acetic  anhydride,  (CH:!-C0)20,  may  he  prepared  by  hent- 
ig  the  anhydrous  alkali  acetates  (4  mols.)  with  phosphorus 


4CH„-CO<  )Na  + P(  )C1.S  - 2(CH3-C( ))20  + Xal’( ).,  + 3XaCl. 


npleasant,  irritating  odour ; it  is  decomposed  l>y  alkalies,  by 


cetic  anhydride  may  therefore  be  employed  in  ascertaining 
rhether  a substance  contains  a hydroxyl-group  just  as  well 
i acetyl  chloride,  the  operations  being  carried  out  as  already 
escribed. 


All  the  fatty  acids,  except  formic  acid,  may  lie  converted  into 
diydrides  by  treating  the  acid  chloride  with  an  alkali  salt,  or 
• heating  excess  of  an  alkali  salt  with  phosphorus  oxychloride, 
an  acid  chloride  he  treated  with  a salt  of  a different  acid, 
red  anhydrides,  corresponding  with  the  mixed  ethers,  are 
tained.  All  these  anhydrides  resemble  acetic  anhydride  in 
eniieal  properties. 


(CH.pC0),0  + H.,0  = 2CH3’COOH 

(CH3-C0)'20  + C,H5-OH  = CH:i-CO.O.O,H5  + CH„.COOH. 
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CHS.C0C1  + 2NHS  = CHg-CO-NHg  + NH4C1 
(CH3-C0)20  + 2NHg  = CHg-CO-NH2  + CH3-CO-ONH4. 

Acetamide,  CII3-CO-NH.„  may  also  be  produced  by  heat- 
ing ethyl  acetate  (p.  185)  with  concentrated  ammonia  under 
pressure, 

CHg.CO-OC2H5  + NHg  = CHg-CO-NHg  + C2H5-OH, 

but  it  is  best  prepared  by  slowly  distilling  ammonium  acetate 
in  a stream  of  dry  ammonia, 

CHg-CO-ONH,  = CH3-CO-NH2  + H20. 

As  one  distillation  is  not  sufficient  to  insure  complete  decom- 
position, that  portion  of  the  distillate  boiling  above  140°  is 
collected  separately  and  redistilled,  these  operations  being 
repeated  three  or  four  times. 

Acetamide  crystallises  in  colourless  needles,  melts  at 
80-82°,  and  boils  at  222°.  When  pure,  it  has  only  a faint 
odour,  but  as  usually  prepared,  it  has  a strong  smell  of  mice, 
owing  to  the  presence  of  traces  of  impurity ; it  is  readily 
soluble  in  water  and  alcohol.  When  heated  with  mineral 
acids  or  alkalies,  it  is  decomposed  into  acetic  acid  and 
ammonia,  or  their  salts  (compare  foot-note,  p.  143), 

CH3-CO-NH2  + H20  = CHg-COOH  + NH3; 

on  distillation  with  phosphoric  anhydride,  it  loses  1 mol.  of 
water,  and  is  converted  into  methyl  cyanide  or  acetonitrile, 
CHs-CO-NH2  = CHg-CN  + H20. 

Formic  acid  and  all  the  higher  fatty  acids  may  he  converted  into 
amides  by  methods  similar  to  those  given  above ; formamide, 
H'CO-NHg,  for  example,  maybe  prepared  by  distilling  ammonium 
formate.  These  amides  closely  resemble  acetamide  in  chemical 
and  physical  properties,  but  their  solubility  in  water  rapidly 
diminishes  on  passing  up  the  series.  It  is  a remarkable  fact  that 
the  melting-points  of  the  amides  of  the  fatty  acids  lie  very  close 
together,  most  of  them  melting  between  95°  and  110°,  and  all 
within  the  limits  of  79°  and  129°. 

Substitution  Products  of  Acetic  Acid.— Since  acetic  acid, 
like  methyl  chloride,  is  a mono-substitution  product  of  marsh- 
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gas,  ancl  contains  three  atoms  of  hydrogen  combined  with 
carbon,  it  might  he  expected  to  give  halogen  substitution  pro- 
ducts, just  as  does  methyl  chloride.  As  a matter  of  fact,  acetic 
aacid  yields  three  substitution  products  on  treatment  with 
chlorine  in  sunlight, 

CHj-COOH  + Cl,  = CI1,C1-C00H  + IdCl 
CHyCOOIl  + 2C1,  = CHCl,-COOII  + 2HC1 
CdL-COOII  + 3Cl“  = CCl.j-COOH  + 3 MCI. 

If  the  constitutions  of  acetic  acid  and  of  those  three  com- 
oounds  be  correctly  represented  by  these  formuhe,  it  would 
«j6  expected  that,  as  the  chloro-substitution  products  still  con- 
.wiin  the  carboxyl-group,  they  would  behave  like  rnono- 
larboxylic  acids,  and,  like  acetic  acid,  form  salts,  acid  chlorides, 
vnhydrides,  &c.  This  again  is  the  fact;  the  three  substitu- 
ion  products  are  monobasic  acids,  similar  to  acetic  acid  and 
'O  one  another  in  chemical  properties. 

The  three  chloracetic  acids  may  bo  prepared  by  passing 
hlorine  into  boiling  acetic  acid,  to  which  a little  iodine  has 
teen  added.  When  iodine  is  present,  the  process  can  ho 
jianied  out  in  absence  of  sunlight,  because  the  iodine  is 
onverted  into  iodine  trichloride,  which  acts  on  the  acetic 
cid  even  in  the  dark, 

CHg-COOH  + IC13  = CILjCl-COOI!  + HC1  + IC1. 

The  iodine  chloride  is  again  converted  into  trichloride 
y direct  combination  with  chlorine,  and  so  the  process  con- 
nues,  a very  small  quantity  of  iodine  being  sufficient  to 
sure  chlorination.  The  iodine,  or  rather  the  iodine  chloride, 
spoken  of  as  a chlorine  currier. 

i Chloracetic  acid,  CH,C1-C0()1I,  is  a crystalline  substance; 
melts  at  62°,  and  boils  at  185-187°. 

Dichloracetic  acid,  CHC1,-CCK)H,  is  a liquid,  and  boils 
190-191°;  it  is  best  prepared  by  treating  chloral  hydrate 
th  potassium  cyanide  in  aqueous  solution, 

IKON  + CClg-CH(OH),  = CIICl2-COOH  + 1ICN  + KC1. 
ITrichloracetic  acid,  CC1.,-C00I1,  is  best  jirepared  by 
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oxidising  the  corresponding  aldehyde,  chloral,  with  concen- 
trated nitric  acid, 

CCl3-CHO  + 0 = CCl3-COOH. 

It  melts  at  52°,  boils  at  195°,  and  is  decomposed  by  hot 
alkalies  into  chloroform  and  a carbonate, 


CClg-COOH  + KOH  = CHCIj  + KHC03. 

The  three  bromacetic  and  iodacetic  acids  are  similar  in  pro- 
perties. On  treating  any  of  these  halogen  substitution  products 
with  nascent  hydrogen,  they  are  reconverted  into  acetic  acid  by 
inverse  substitution.  The  higher  fatty  acids  may  be  converted  into 
halogen  substitution  products,  which,  however,  unlike  those  of  acetic 
acid,  exist  in  isomeric  forms.  Propionic  acid,  for  example,  gives 
two  monochloro-propionic  acids — namely,  a-chloro -propionic  acid, 
CH3-CHCl-COOH,  and  /9-chloro-propionic  acid,  CH2Cl-CH2-COOH. 
For  the  purpose  of  distinguishing  between  these  substitution  pro- 
ducts, the  carbon  atoms  are  lettered  a,  (3,  y,  S,  &c.,  commencing 
always  with  that  which  is  combined  with  the  carboxyl-group 


CH3-C1T2-CH2-CH2-C00H  ; 

5 y (3  a 

| ’ Ffv 

the  acid  of  the  constitution  g^  vCBr-OHo-COOH,  for  example,  is 
named  /3-bromisopropylacetic  acid. 


SUMMARY  AND  EXTENSION. 

The  Fatty  Acids. — Carboxy-derivatives  of  the  paraffins  of  the 
general  formula  CnH2(l+1-COOH,  or  CMH2)lO.,.  The  more  im- 
portant members  of  this  homologous  series  are  the  following,  the 
number  of  known  isomerides  being  given  by  the  figures  in  brackets: 


M.  li. 

B.11. 

Sl>.  gr. 

Formic  acid,  H-COOH  (1) 

8-3° 

101° 

1-241  at  0° 

Acetic  acid,  CH3-COOH  (1) 

16-5’ 

118 

1 -080  „ 

Propionic  acid,  C2Hs-COOH  (1) 

o 

-t 

C'l 

1 

141° 

1013  .i 

( Normal 

-4° 

163° 

0-978  , 

Butyric  acid,  C3H7-COOIi  (2)  |Iso. 

155° 

0-965  „ 

„ . ( Normal 

186’ 

0-957  .. 

Valeric  acid,  C4H„-COOTI  (4)|Iso_ 



174° 

0-947  » 

Heptylic  acid,  C6HI8-COOH  (8) 

— 

223° 

0-945  n 

Laurie  acid,  CnH21-C00H  (3) 

43-6“ 

— 

0-875-, 

Myristic  acid,  C^H^-COOH  (2) 

54° 

— 

0-862  1 = 
V O 

Palmitic  acid,  Clr,H31-COOH  (2) 

62° 

— 

0-853  1 1 £ 

Stearic  acid,  C]7H3r,-COOH  (3) 

69° 

— 

0-845  ' <s 
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Heptylic  acid  and  all  tlie  higher  members  named  in  this  table  are 

I!  normal  acids  ; they  occur  in  nature  in  fats  and  oils,  and  contain  an 
• even  number  of  carbon  atoms.  The  higher  normal  acids  containing 
an  odd  number  of  carbon  atoms,  ChH17-COOH,  (-'^H^-COOH,  &c., 
are  known,  hut  they  do  not  occur  in  nature. 

Formic  acid  is  prepared  by  heating  oxalic  acid  with  glycerol, 
•ace I ic  acid  from  pyroligneous  acid,  and  by  the  acetous  fermentation 
• of  alcohol,  butyric  acid  by  the  butyric  fermentation  of  lactic  acid, 
aand  palmitic  and  stearic  acids  by  the  hydrolysis  of  glycerides 
••occurring  in  fats  and  oils. 

Methods  of  Preparation.-  By  the  oxidation  of  primary  alcohols 
and  of  aldehydes, 

C.,H5CH,,OH  + ‘20  = C,H,COOH  + H.,0 
<yi1::-ciio  + o = c(iH1;1-cooH. 

IBy  boiling  alkyl  cyanides  with  alkalies  or  mineral  acids, 

C2H5CN  + 2H.0  = CH-COOII  + Nil., 

IBy  heating  those  dicarhoxy lie  acids  in  which  the  two  carboxyl- 
groups  are  combined  with  one  and  the  same  carbon  atom  (p.  234), 
(’11,(00011).  = CILcCOOH  + CO.,. 

I'By  the  hydrolysis  of  derivatives  of  ethyl  acetoacetate  (p.  189), 

C 1 1 ■ C O • 0 1 1 ( (h  H 7 ) • C O O C.j  H # + 2K0II  = C’.H.-CIL-COOK 
+ ('ll, COOK  + C.Hjj.OH. 

Physical  Properties.  At  ordinary  temperatures,  the  lower  mem- 
oers  are  colourless  liquids  (except  acetic  acid),  miscible  with  water, 
Alcohol,  and  ether  in  all  proportions.  On  passing  up  the  series, 
hey  become  more  oily  in  character,  gradually  lose  their  pungent 
■niell,  and  become  less  readily  soluble  in  water.  The  higher 
•members,  from  C10H._,0O,,  are  solid,  waxy,  or  fatty  substances,  have 
•illy  a faint  smell,  and  are  insoluble  in  water,  but  soluble  in 
lcoliol  and  ether.  They  are  all  volatile  in  steam  except  the 
lighest  members,  which,  however,  may  be  distilled  in  super  heated 
team.  The  first  three  members  are  specifically  heavier  than  water, 
•ut  the  sp.  gr.  decreases  as  the  series  is  ascended  (see  table).  With 
lie  exception  of  the  highest  members,  they  boil  without  decom- 
position under  ordinary  atmospheric  pressure,  the  boiling-point 
■ising  about  19“  for  every  addition  of  -(TL-  to  the  molecule;  the 
lelting-point  also  rises,  but  not  continuously,  acids  containing 
m odd  number  of  carbon  atoms  melting  at  a lower  temperature 
van  the  preceding  members  containing  an  even  number  of  carbon 
toms, 

i’H.402  cwH*0,  cltn.y),  c15h.,„o,  cyiyt.  rI7H:„o2. 

43-tT  40-5°  54°  51°  02'  00° 
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Chemical  Properties. — The  fatty  acids  are  very  stable,  and  are 
only  with  difficulty  oxidised  and  broken  up ; nevertheless,  owing  to 
the  presence  of  the  carboxyl-group,  they  readily  undergo  a variety 
of  double  decompositions.  They  are  all  monobasic  acids,  but  the 
acid  character  becomes  less  and  less  pronounced  on  passing  up 
the  series;  whereas  formic  and  acetic  acids  readily  decompose 
carbonates,  and  dissolve  metals  and  metallic  hydroxides, 
the  higher  members,  such  as  palmitic  and  stearic  acids,  are  with 
difficulty  recognised  as"  acids  by  ordinary  tests.  The  metallic  salts 
of  the  lower  members  are  soluble  in  water;  but  on  passing  up  the 
series,  the  solubility  decreases,  until,  in  the  case  of  the  higher 
acids,  only  the  alkali  salts  (soaps)  are  soluble. 

Fatty  acids  interact  with  alcohols,  especially  in  presence  of 
dehydrating  agents,  forming  ethereal  salts  and  water, 

ch3-cooh  + C2H5-OH  = CH3COOC2H5  + h2o. 

'When  treated  with  phosphorus  pentachloride,  &c.,  they  are  con- 
verted into  acid  chlorides, 

C.,H5.COOH  + PC15  = CoH6-COC1  + l’OCl3  + HC1. 

These  acid  chlorides  interact  readily  with  hydroxy-compounds, 
giving  ethereal  salts, 

CoH5.COC1  + CH3-OH  = C2H5-COOCH3  + HC1 ; 
on  distillation  with  an  alkali  salt  of  a fatty  acid,  they  yield  anhy- 
drides of  the  acids, 

C2Hr,COCl  + C2Hs.COOK  = (C2Hg-CO)aO  + KC1 ; 
and  when  treated  with  ammonia,  they  give  amides, 

CHyCOCl  + NH,  = CH3-CONH2  + HC1. 

The  fatty  acids  yield  halogen  substitution  products  under  suitable 
conditions.  From  the  alkali  salts  of  the  fatty  acids,  ketones, 
aldehydes,  and  paraffins  can  be  prepared  without  difficulty,  and,  as 
the  aldehydes  and  ketones  are  easily  reduced  to  alcohols,  which 
again  are  readily  converted  into  ethers  and  olefines,  all  these  com- 
pounds may  be  obtained  from  the  fatty  acids. 

Fats,  Oils,  Soaps,  Stearin,  and  Butter. 

Composition  of  Fats  and  Oils. — 'When  beef  or  mutton  suet 
is  kneaded  in  a muslin  bag  in  a basin  of  hot  water,  the 
fat  melts  and  passes  out,  leaving  the  membrane  or  tissue  in 
the  bag;  the  melted  fat  solidifies  on  cooling,  and  is  known 
as  tallow.  The  fat  obtained  from  pigs,  in  a similar  manner, 
is  much  softer,  and  is  called  lard 
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When  tallow  is  heated  with  water  in  closed  vessels  at 
about  200°,  or  treated  with  superheated  steam  (steam  which 
has  been  passed  through  tubes  heated  at  about  200°),  it  is 
decomposed  into  glycerol  (p.  248)  and  fatty  acids ; if  the 
mixture  be  now  distilled  in  superheated  steam,  these  pro- 
ducts pass  over,  the  distillate  being  an  aqueous  solution  of 
glycerol,  at  the  surface  of  which  floats  the  mixture  of  fatty 
. acids.  A similar  decomposition  takes  place  when  tallow  is 
heated  with  dilute  sulphuric  acid,  but  in  this  case  it  is  not 
necessary  to  heat  so  strongly. 

All  animal  fats,  such  as  lard,  goose-fat,  bone-fat,  butter, 
<&c.,  and  the  fatty  oils,  such  as  olive-,  linseed-,  rape-,  palm-, 
.and  cotton-seed  oils,  which  are  obtained  by  pressing  the 
r seeds  or  fruit  of  certain  plants,  behave  in  a similar  manner, 
and  when  heated  with  dilute  sulphuric  acid,  or  with  water 
under  pressure,  are  decomposed  into  glycerol  and  a mixture 
of  fatty  acids.  The  occurrence  of  these  acids  in  natural  fats 
hand  oils,  and  the  fact  that  the  higher  members  of  the  series 
rresemble  fats  in  physical  properties,  led  to  the  use  of  the 
tterm  ‘fatty  acid,’ which  is  now  applied  to  all  the  members 
of  the  series. 

The  chemical  compounds  of  which  these  fats  are  com- 
iposed  are  called  jlyce  rides  ; they  are  ethereal  salts  (p.  171), 
formed,  together  with  water,  by  the  combination  of  the  fatty 
acids  with  the  alcohol,  glycerol,  which  acts  as  a hydroxide 
)r  weak  base.  Glycerol  is  a tri-acid  base,  and  can  combine 
with  and  neutralise  three  molecules  of  a monobasic  or  mono- 
:arboxylic  acid,  forming  neutral  salts,  just  as  can  the  tri- 
acid bismuth  hydroxide, 

C3H5(OH)3  + 3CH3-COOH  = C3H5(0-C0'CH3)3  + 311,0 
l)i(OH)'  + 3HC1  = Bi(Jl3  + 3H,0. 

’’hese  glycerides  or  salts  are  named  after  the  acids  from  which 
hey  are  formed.  The  salt  formed  from  acetic  acid  is  called 
nacetin ; that  from  palmitic  acid,  tripahnitin  ; and  that  from 
tearic  acid,  tr (stearin,  and  so  on. 
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Now  the  chief  constituents  of  fats  and  oils  are  tristearin 
and  tripalmitin,  which  are  solid  at  ordinary  temperatures, 
and  a liquid  glyceride,  triolein,  which  is  formed  by  the 
combination  of  glycerol  with  oleic  acid*  When  a fat  con- 
tains a relatively  large  proportion  of  tristearin  and  tripalmitin, 
it  is  solid  and  comparatively  hard  (tallow)  at  ordinary  tem- 
peratures ; when,  however,  it  contains  a relatively  large  pro- 
portion of  triolein,  it  is  soft  and  pasty  (lard),  or  liquid  (olive- 
oil). 

These  glycerides,  like  other  salts  formed  from  weak  acids 
and  weak  bases,  are  not  very  stable,  and  at  moderately  high 
temperatures  they  are  decomposed  by  water  and  by  dilute 
mineral  acids,  being  converted  into  glycerol  and  an  acid ; in 
the  case  of  tristearin,  for  example, 

CH2OCO-C17H3S  CHj-OH 

CH.O-CO-Ci7H35  + 3H20  = Ah-OH  + 3C17H3r,COOH. 

Ah2-o-co-c17h35  ch2oh 

Glycerol.  Stearic  Acid. 

Since  fats  and  oils  are  mixtures  of  glycerides,  they  yield 
mixtures  of  fatty  acids. 

Soaps. — On  treatment  with  alkalies  the  glycerides  are  de- 
composed much  more  readily  than  by  water,  yielding  alkali 
salts,  the  weak  base,  glycerol,  being  liberated,  just  as  ammonia 
or  methyl  alcohol  is  liberated  from  its  salts  on  adding  a 
stronger  base.  In  manufacturing  soaps,  a fat  or  oil,  such 
as  tallow  or  cotton-seed  oil,  is  heated  in  an  iron  pan  with 
a small  but  sufficient  quantity  of  caustic  soda,  when  it  is 
converted  after  some  time  into  a thick,  homogeneous,  frothy 
solution,  which  contains  glycerol  and  the  sodium  salts  of 
the  various  acids  which  were  present  in  the  glycerides— that 
is  to  say,  the  sodium  salts  of  stearic,  palmitic,  and  oleic 
acids.  Some  common  salt  is  now  added,  whereupon  the  sodium 

* Oleic  acid,  C17H:)3.COOH  (p.  2581,  is  a liquid  at  ordinary  temperatures. 
It  contains  two  atoms  of  hydrogen  less  than  stearic  acid,  Ci7H35-COOH,  and 
is,  therefore,  an  unsatuvated  acid,  belonging  to  a different  series ; its  lead 
salt  is  soluble  in  ether,  a property  very  rarely  met  with  in  other  lead  salts. 
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salts  separate  from  the  solution  of  glycerol  and  salt  as  a 

curd,  because  they  are  insoluble  in  salt  water.  The  curd, 

after  having  been  drained  off,  and  allowed  to  cool,  slowly 
solidities,  and  is  then  known  as  hard  soap,  which  is  simply 
a mixture  uf  the  sodium  salts  of  palmitic,  stearic,  and  oleic 
acids  with  water  and  alkali.  When  fats  or  oils  are  boiled 
with  potash,  instead  of  with  soda,  similar  chemical  changes 
take  place,  and  the  potassium  salts  of  the  acids  are  formed ; 
if  common  salt  be  now  added  to  the  solution,  the  potassium 
are  partially  converted  into  sodium  salts,  and  a hard  soap  is 
finally  obtained  ; if,  however,  without  adding  salt,  the  homo- 
geneous solution  be  allowed  to  cool,  it  sets  to  a jelly-like 
mass  of  soft  soap,  which  is  a mixture  of  the  potassium 

salts  of  the  above-named  acids,  containing  glycerol  and  a 

large  percentage  of  water. 

The  decomposition  of  fats  and  oils  in  this  way  in  the 
process  of  soap-making  originally  received  the  name  saponifica- 
tion, and  the  fats  and  oils  were  said  to  be  saponified.  The 
term  saponification  was  then  applied  generally  to  the  analo- 
gous decomposition  of  other  ethereal  salts  by  alkalies,  in 
spite  of  the  fact  that  the  products  were  not  soaps,  but  the 
word  hydrolysis  has  now  to  a great  extent  taken  its  place. 
Hydrolysis  may  be  roughly  defined  as  the  decomposition 
of  one  compound  into  two  or  more,  with  fixation  of  the 
elements  of  water  or  of  some  hydroxide.  The  decomposition 
of  glycerides  by  water,  acids,  and  alkalies,  and  the  changes 
expressed  by  the  following  equations,  are  examples  of 
hydrolysis, 

CjoHgoOji  + II., O = C8H].,0(j  + CgHj.j()(. 

csh3os-c2h6  + h.,o  = c,h4o,  + c2h5-oh 
csh6ci  + koh  = cun,,  oh  + kcl 


Stearin  and  Glycerol. — Stearin  consists  principally  of  a 
mixture  of  stearic  and  palmitic  acids,  and  is  manufactured 
by  decomposing  tallow  with  water,  superheated  steam, 
dilute  sulphuric  acid,  or  milk  of  lime  under  pressure 
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(see  above).  After  distilling  the  products  in  a current  of 
superheated  steam  — first  acidifying  with  sulphuric  acid, 
if  lime  has  been  used — the  pasty  mixture  of  fatty  acids  is 
separated  from  the  aqueous  solution  of  glycerol,  and  pressed, 
in  order  to  squeeze  out  as  much  of  the  liquid  oleic  acid 
as  possible.  The  pressed  mass  is  then  gently  warmed,  and 
pressed  again  between  warm  plates,  when  a further  quantity 
of  oleic  acid  is  squeezed  out,  together  with  some  palmitic 
and  stearic  acids.  The  hard  mass  that  remains  is  called 
stearin;  it  is  mixed  with  a little  paraffin  to  make  it  less 
brittle,  and  employed  in  large  quantities  in  the  manufacture 
of  stearin  candles.  The  pasty  mass  of  oleic,  palmitic,  and 
stearic  acids,  separated  from  the  stearin,  is  known  as  oleo- 
margarine (from  oleic  and  ‘ margaric  ’ acids),  and  is  em- 
ployed for  the  preparation  of  artificial  butter.  Glycerol 
(p.  248)  is  obtained  from  the  aqueous  distillate,  after 
separating  the  fatty  acids ; the  solution  is  decolourised  by 
filtration  through  charcoal,  and  evaporated  to  a syrup. 

Butter  and  Margarine. — Butter,  prepared  from  cream,  is 
a mixture  of  fat  (about  87  per  cent.),  water  (about  12  per 
cent.),  and  small  quantities  of  casein,  milk-sugar,  and  salts. 
Pure  butter-fat  contains  about  92  per  cent,  of  a mixture  of 
tristearin,  tripalmitin,  and  triolein,  about  7 '7  per  cent,  of 
tributyrin,  and  traces  of  other  glycerides,  and  substances 
which  impart  flavour;  it  differs  from  all  other  fats  and 
oils,  in  containing  a large  proportion  of  tributyrin,  the 
glyceride  of  butyric  acid. 

Artificial  butter,  or  margarine,  is  prepared  from  oleomar- 
garine (see  above),  which  has  been  carefully  manufactured 
from  the  best  ox-suet;  the  oleomargarine  is  flavoured  and 
coloured  by  churning  it  with  milk,  sometimes  also  by  the 
addition  of  artificial  colouring  and  flavouring  substances. 
When  carefully  prepared,  it  is  a wholesome  substitute  for 
butter,  and  probably  just  as  nutritious,  although  perhaps  not 
quite  so  easily  digested. 
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CHAP  TEE  X. 

ETHEREAL  SALTS. 

It  lias  been  pointed  out  that  the  alcohols  behave  in  some 
respects  like  metallic  hydroxides,  and  combine  with  acids, 
forming  salts  and  water, 

C,H5-()H  + HC1  = C,H5C1  + HP 
CoH5-OH  + H2S04  = CJI5-HSO.(  + I I,( ) 

CHa-OIi  + CH3-COOH  = CHg-COOClL,  + II., 0. 
These  compounds  arc  called  ethereal  salts  or  esters,  in  con- 
tradistinction to  the  metallic  salts. 


Halogen  Ethereal  Halts  anil  Halogen  DeHoatives  of  the 
Paraffins. 

The  ethereal  salts  of  the  halogen  acids  are  identical  with 
the  halogen  mono-substitution  prod  nets  of  the  paraffins,  and 
may  be  obtained  either  from  the  alcohols  or  from  the  par- 
alhns;  they  form  homologous  series  of  the  general  formula 
1 C„H2,l+1-X  where  X = Cl,  Br,  or  I. 


Methyl  chloride,  CHS(  '1  Methyl  bromide,  ( TIjBr  Methyl  iodide,  CH;)I 
Ethyl  „ C2H8C1  Ethyl  „ C,H,Br  Ethyl  „ (',11,1 

Propyl  ,,  C-jH-CI  Propyl  M C;,H7I3r  Propyl  n C.,11-1 


The  di-,  tri-,  Ac.  halogen  substitution  products  of  the  par- 
affins, such  as  methylene  dichloride,  CH2C12,  chloroform, 
(CHClg,  iodoform,  CHI.,,  and  carbon  tetrachloride,  CC1.,,  can- 
not be  regarded  as  ethereal  salts,  but,  being  closely  related 
to  the  halogen  ethereal  salts,  are  conveniently  considered  in 
this  chapter. 

Methyl  chloride,  or  chloromcthane,  CII.,C1,  is  one  of  the 
Tour  substitution  products  obtained  on  treating  methane  with 
chlorine  in  sunlight,  and  is  formed  in  small  quantities  when 
methyl  alcohol  is  heated  with  concentrated  hydrochloric  acid, 
CHg-OH  + HC1  = C1I.,C1  + H.,0. 


172 


ETHEREAL  SALTS. 


It  is  prepared  by  passing  hydrogen  chloride  into  methyl 
alcohol  containing  anhydrous  zinc  chloride  (Groves’  process), 
as  described  in  the  case  of  ethyl  chloride  (p.  175);  also  by 
heating  methyl  alcohol  with  sodium  chloride  and  concentrated 
sulphuric  acid. 

It  is  a colourless  gas,  and  liquefies  at  very  low  temperatures, 
boiling  at  -24° ; it  burns  with  a green-edged  flame,  is  moder- 
ately easily  soluble  in  water,  and  when  heated  with  water 
or  dilute  potash  under  pressure,  it  is  converted  into  methyl 
alcohol, 

CH;jCl  + H20  = CH.j-OH  + HC1. 

Methyl  chloride  is  employed  on  the  large  scale  in  the  preparation 
of  organic  dyes,  the  compressed  gas  being  also  used  for  the  artificial 
production  of  a low  temperature  ; for  these  purposes  it  is  manu- 
factured by  heating  trimethylamine  hydrochloride  (p.  207)  with 
hydrochloric  acid, 

N(CH3)3,HC1  + 3HCI  = 3CHSC1  + NH4C1. 

Methylene  (or  methene)  dichloride,  CH0C1.„  is  prepared  by 
reducing  chloroform  with  zinc  and  hydrochloric  acid  in 
alcoholic  solution, 

CHC13  + 2H  - CH,C1,  + HC1 ; 

it  is  a colourless,  heavy  liquid,  boiling  at  41°. 

Chloroform,  or  trichloromethane,  CIiCl;j,  is  formed  when 
methane,  methyl  chloride,  or  methylene  dichloride,  is  treated 
with  chlorine  in  sunlight,  and  when  many  simple  organic 
substances  containing  oxygen,  such  as  ethyl  alcohol,  acetone, 
&c.,  are  heated  with  bleaching  powder,  which  acts  as  an 
oxidising  as  well  as  a chlorinating  agent  (see  below). 

Chloroform  may  be  prepared  by  distilling  alcohol  or  acetone 
with  bleaching  powder  : Some  strong  bleaching  powder  (about 
450  grams)  is  made  into  a cream  with  about  14  litres  of 
water  contained  in  a large  flask,  and  alcohol,  methylated 
spirit,  or  acetone  (about  100  c.c.)  is  gradually  added  ; the 
flask  is  then  connected  with  a condenser,  and  slowly  heated 
on  a water-bath,  when  a mixture  of  chloroform,  water,  and 
alcohol  or  acetone  distils.  If  the  operation  has  been  success- 
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fnl,  the  chloroform  collects  as  a heavy  oil  at  the  bottom  of 
the  receiver ; but  if  too  much  alcohol  or  acetone  be  present, 
the  chloroform  must  be  precipitated  by  adding  water.  It  is 
then  separated  with  the  aid  of  a funnel,  washed  with  water, 
shaken  once  or  twice  with  a little  concentrated  sulphuric 
acid,  which  frees  it  from  water,  alcohol,  &c.,  and  redistilled 
from  a water-bath. 

The  chloroform  prepared  in  this  way  is  not  quite  pure ; the 
pure  substance  is  best  prepared  by  distilling  chloral  or  chloral 
hydrate  (p.  125)  with  caustic  soda,  the  product  being  separated 
in  the  manner  just  described, 

CClpCHO  + NaOll  = C’HCl.,  + H-COONa. 

The  changes  which  occur  in  the  preparation  of  chloroform  from 
alcohol  are  complex  ; it  is  probable  that  aldehyde  is  first  formed 
by  oxidation,  and  then  converted  into  chloral,  which  is  decomposed 
by  the  calcium  hydroxide  which  is  always  produced  during  the 
reaction,  yielding  chloroform  and  calcium  formate.  When  acetone 
is  employed,  trichloracetone  is  probably  formed  in  the  first  place  ; 
this  compound  is  then  decomposed  bv  the  calcium  hydroxide, 
giving  chloroform  and  calcium  acetate, 

2CH,-CO-CCls  + Ca(OH)2  = 2CHCI.,  + (CH3.COO)2Ca. 

Chloroform  is  a heavy,  pleasant-smelling  liquid  of  sp.  gr. 
1-498  at  15°,  and  boils  at  61°;  when  strongly  heated,  it 
burns  with  a green-edged  flame,  but  it  is  not  inflammable 
at  ordinary  temperatures.  It  is  readily  decomposed  by  warm 
alcoholic  potash,  yielding  potassium  formate  and  chloride, 
CHC13  + 4KOIT  = H.COOK  + 3KC1  + 211,0. 

If  a drop  of  chloroform  be  added  to  a mixture  of  aniline 
(part  ii.)  and  alcoholic  potash,  an  intensely  nauseous  smell  is 
(observed  on  warming  gently,  owing  to  the  formation  of 
, f) 't enyl curb yl amine  or  plienylwocyanide * 

CHCl:i  + 3K0H  + C6H5-NH,  = C„T  15-XC  + 3KC1  + 3H„(  >,  or 

0,11, • X H,  + 1 1 C<  K ) H = C61I5-  NC  + 2 11,< ). 

* Tlie  experiment  should  be  performed  in  a test  tube,  only  one  drop  of 
aniline  being  employed,  and  the  contents  of  the  test  tube  should  afterwards 
be  carefully  poured  into  the  sink-pipe,  in  a draught  closet  if  possible. 
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This  reaction  affords  a very  delicate  test  for  chloroform  and 
for  aniline,  and  is  spoken  of  as  the  carbylamine  reaction 

(p.  202). 

Chloroform  is  extensively  employed  in  surgery  as  an  anaes- 
thetic, its  vapour  when  inhaled  causing  unconsciousness. 
For  this  purpose  pure  chloroform  must  be  employed,  as  the 
impure  substance  is  dangerous,  and  produces  had  after-effects.* 
Pure  chloroform  gives  no  precipitate  with  silver  nitrate,  and 
does  not  darken  when  shaken  with  concentrated  sulphuric 
acid  or  with  strong  potash. 

Carbon  tetrachloride,  or  tetrachloromethane,  CC14,  the 
final  product  of  the  action  of  chlorine  on  CH4,  CH3C1, 
CH2C12,  and  CHC13,  is  prepared  by  passing  chlorine  into 
boiling  chloroform  in  sunlight,  or  by  passing  chlorine  into 
carbon  bisulphide  in  presence  of  antimony  pentachloride, 
which  acts  as  a chlorine  carrier  (p.  1G3), 

CS2  + 3SbCl6  = CC14  + S2C12  + 3SbCl3, 

SbCl3  + Cl2  = SbCl5 ; 

in  the  latter  case  the  sulphur  dichloride  is  got  rid  of,  after 
a preliminary  distillation,  by  shaking  the  product  with  potash, 
the  carbon  tetrachloride  being  purified  by  redistillation.  Car- 
bon tetrachloride  is  a very  heavy,  pleasant-smelling  liquid, 
boiling  at  76-77°;  on  treatment  with  nascent  hydrogen,  it 
is  converted  into  CHC13,  CH..C1.,,  GH3C1,  and  CId4  successively, 
by  inverse  substitution.  It  is  decomposed  by  hot  alcoholic 
potash, 

CC14  + 4KOH  = 4KC1  + C02  + 2H20. 

The  halogen  ethereal  salts,  methyl  bromide , CH3l>r  (b.p.  4-5°), 
and  methyl  iodide,  CH3I  (b.p.  44°),  are  prepared  by  methods 
similar  to  those  employed  in  the  case  of  the  corresponding 

* In  the  presence  of  air,  chloroform  gradually  undergoes  decomposition, 
especially  under  the  influence  of  light,  carbonyl  chloride  (phosgene  gas, 
COCL)  and  hydrochloric  acid  being  produced,  CHC13  + O = COCl2  + HC1. 
As  carbonyl  chloride  is  very  poisonous,  it  is  necessary  to  keep  all 
chloroform  required  for  anaesthetic  purposes  in  the  dark,  the  bottle  being 
kept  as  full  as  possible,  so  as  to  exclude  air. 
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ethyl  salts  (see  below),  which  they  closely  resemble  in 
chemical  properties; 

Iodoform,  or  triiodomethane,  CHIS,  a halogen  tri-substitu- 
tion product  of  methane,  is  closely  related  to  chloroform,  and 
may  he  considered  here.  It  is  formed  when  ethyl  alcohol 
(but  not  methyl  alcohol),  acetone,  aldehyde,  and  other  simple 
organic  substances  containing  oxygen  united  with  a CH3-C= 
group  are  warmed  with  iodine  and  an  alkali  or  alkali  carbon- 
ate ; the  changes  which  ocQur  are  doubtless  similar  to  those 
which  take  place  in  the  preparation  of  chloroform. 

Iodoform  is  prepared  by  gradually  adding  iodine  to  an 
aqueous  solution  of  sodium  carbonate  containing  a little 
alcohol  and  heated  at  60-80°  ; the  precipitated  iodoform  is 
separated  by  filtration,  and  purified  by  recrystallisation  from 
dilute  alcohol.  It  crystallises  in  lustrous,  yellow,  six-sided 
] plates,  melts  at  119°,  and  has  a peculiar,  very  characteristic 
i odour;  it  sublimes  readily,  and  is  volatile  in  steam.  It 
iis  used  in  medicine  and  surgery  as  an  antiseptic. 

Ethyl  chloride,  or  chlorethane,  C.dl-Cl,  is  formed  when 
ethane  is  treated  with  chlorine  in  sunlight,  and  when  alcohol 
iis  heated  with  concentrated  hydrochloric  acid,  or  treated 
'with  phosphorus  pentaohloride,  or  trichloride,  at  ordinary 
t temperatures, 

C2H5OII  + PCI,  = C2H5C1  + POCla  + IIC1. 

1 Ethyl  chloride  is  prepared  by  Groves’  process : Hydrogen 
chloride,  carefully  dried  with  concentrated  sulphuric  acid, 
is  passed  into  a flask  containing  absolute  alcohol,  to  which 
about  half  its  weight  of  coarsely  powdered  anhydrous  zinc 
chloride  has  been  added ; the  flask  is  connected  with  a 
reflux  condenser  (p.  186),  and  is  provided  with  a safety  tube. 
As  soon  as  the  solution  is  saturated  with  hydrogen  chloride, 
it  is  gently  warmed  on  the  water-bath,  when  ethyl  chloride 
and  alcohol  pass  off;  the  alcohol  vapour  is  cooled  in  passing 
through  the  condenser,  the  liquid  running  back  into  the 
task.  The  gaseous  ethyl  chloride  now  passes  through  three 
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wash-bottles  containing  water,  dilute  potash,  and  concen- 
trated sulphuric  acid  respectively,  by  which  means  it  is 
freed  from  hydrogen  chloride,  alcohol,  and  moisture;  the 
pure  ethyl  chloride  is  then  collected  in  a U-tube  immersed 
in  a freezing  mixture. 

Zinc  chloride  is  a powerful  dehydrating  agent,  and  com- 
bines with  the  water  produced  during  the  interaction, 

c2h5.oh  + HC1  = C2H5C1  + h2o. 

Unless  some  dehydrating  agent  be  present,  very  little  ethyl 
chloride  is  formed,  because  it  is  decomposed  by  water,  or 
rather  its  formation  cannot  take  place  in  presence  of  much 
water. 


Ethyl  chloride  may  also  be  prepared  by  warming  a mixture 
of  absolute  alcohol,  concentrated  sulphuric  acid,  and  sodium 
chloride,  the  gas  being  purified  and  condensed  in  the  same 
way  as  before ; the  sulphuric  acid  not  only  interacts  with 
the  salt,  forming  hydrogen  chloride,  but  also  acts  as  a de- 
hydrating agent. 

Ethyl  chloride  is  a colourless,  very  volatile  liquid,  boiling 
at  12-5°;  it  burns  with  a greenish,  smoky  flame,  and  is  only 
sparingly  soluble  in  water,  but  miscible  with  alcohol,  ether, 
&c.  When  heated  with  water  or  potash  under  pressure,  it 
yields  ethyl  alcohol, 

C2H5C1  + H20  = C2H.-OH  + HC1 ; 
on  treatment  with  chlorine  in  sunlight,  it  gives  di-,  tri-,  &c. 
substitution  products  of  ethane.  It  gives  no  immediate 
precipitate  with  aqueous  silver  nitrate,  but  when  warmed 
with  an  alcoholic  solution  of  silver  nitrate,  silver  chloride 
is  quickly  precipitated,  ethyl  nitrate  remaining  in  solution, 
CJT-Cl  + AgNU,  = C2H6-N03  + AgCl. 

Ethyl  bromide,  or  bromethane,  C2H5Br,  is  formed  when 
alcohol  is  heated  with  concentrated  hydrobromic  acid,  or 
treated  with  phosphorus  tribromide  or  pentabromide,  at 
ord  i nary  tern peratures, 


(JoIL-OH  + Pllr-  = CaH,Hr  + POBr,  + Hlir. 
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ft  is  prepared  by  dropping  bromine  from  a stoppered  funnel 
into  a mixture  of  alcohol  (60  grams)  and  amorphous  phos- 
phorus (10  grams)  contained  in  a distilling-flask,  connected 
vith  a condenser  and  immersed  in  cold  water ; after  adding 
lihe  whole  of  the  bromine,  the  mixture  is  distilled.  The 
istillate  is  shaken  with  dilute  potash  to  free  it  from  bromine, 
lydrobromic  acid,  and  alcohol,  and  then  washed  by  shaking 
yith  water;  after  drying  with  calcium  chloride,  the  ethyl 
rromide  is  purified  by  fractional  distillation, 


+ 


H3PO3. 


3C2H5-OH  + P 4-  3 Hr  = 3C2H5Br 

lit  may  also  be  prepared  by  distilling  a mixture  of  alcohol, 
oncentrated  sulphuric  acid,  and  potassium  bromide. 

Ethyl  bromide  is  a colourless,  pleasant-smelling,  heavy 
quid,  and  boils  at  39° ; it  resembles  ethyl  chloride  in  its 
ehaviour  with  water,  potash,  and  silver  nitrate. 

Ethyl  iodide,  or  iodetliane,  C2H5I,  is  formed  when  alcohol 
heated  with  concentrated  hydriodic  acid ; it  is  prepared 
gradually  adding  iodine  (100  grams),  in  small  quantities 
a time,  to  a mixture  of  alcohol  foO  grams)  and  amorphous 
losphorus  (10  grams),  and  then  distilling  from  a water- 
tith,  the  product  being  purified  exactly  as  described  in 
e case  of  ethyl  bromide, 

3C2H5-OH  + P + 31  = 3C,H.I  + H3PO3. 

hyl  iodide  is  a colourless,  pleasant-smelling,  highly  refrac- 
e,  very  heavy  liquid,  boiling  at  72° ; on  exposure  to  light, 
itum-s  yellowish-brown,  owing  to  the  separation  of  traces 
i iodine,  this  phenomenon  being  observed  in  the  case  of 
arly  all  organic  compounds  containing  iodine.  In  chemical 
pperties  it  closely  resembles  ethyl  chloride  and  ethyl 
umide. 

'Hher  halogen  ethereal  salts  or  halogen  mono-substitution  pro- 
ts  of  the  parallins,  such  as  propyl  bromide,  C;,H7Hr,  butyl 
:dde,  C4H9I,  &c.,  may  be  prepared  by  methods  similar  to  those 
en  above ; they  are  all  colourless,  neutral,  pleasant-smelling 
ids,  as  a rule  specifically  heavier  than  water,  in  which  they 
insoluble,  or  nearly  so.  They  are  slowly  decomposed,  or 
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hydrolysed  (p.  18S),  by  boiling  water  and  by  aqueous  alkalies,  yield- 
ing the  alcohols, 

C:,HrBr  + KOH  = C3H7-OH  + KBr ; 
when  boiled  with  alcoholic  potash,  they  are  converted  into  olefines, 
C3H7I  + KOH  = C;1H(i  + KI  + H2<J. 

They  do  not  give  an  immediate  precipitate  with  silver  nitrate 
in  aqueous  solution  ; but  in  alcoholic  solution,  especially  on  warm- 
ing, a halogen  silver  salt  is  quickly  precipitated,  and  an  organic 
: nitrate  remains  in  solution, 

C,,H,I  + AgNO;t  = C2H5-N03  + Agl. 


Although  these  compounds  closely  resemble  one  another  in  chemical 
properties,  their  physical  properties  depend  to  a considerable  extent 
on  the  halogen  which  they  contain,  the  sp.  gr.  and  boiling-point 
rising  on  displacing  chlorine  by  bromine,  or  bromine  by  iodine  : 


at,  O’  ^ at  0° 

Methyl  chloride,  CTT.,C1 22°  Ethyl  chloride,  C,,H,C1 0-921 

Methyl  bromide,  CH3Br  1 -73  + 4 •5°  Ethyl  bromide,  C2H0BrT47 
Methyl  iodide,  CH3I  2-33  45°  Ethyl  iodide,  E2H6I  1-975 


B.p. 

12-5° 

39° 

72° 


Although  the  monohalogen  derivatives  of  methane  and  ethane 
exist  in  only  one  form,  those  of  propane  and  the  higher  paraffins 
show  isomerism.  There  are,  for  example,  two  compounds  of  the 
molecular  formula,  C3H7I,  corresponding  with  the  two  alcohols, 
C3H7-OH,  namely,  normal  propyl  iodide,  CH3-CH2-CH2I  (b.p.  102°), 
and  isopropyl  iodide,  CH3-CHI-CH3  (b.p.  89-9°).  The  mono- 
halogen derivatives  of  butane  exist  theoretically  in  four  isomeric 
forms,  two  of  which,  CH3-CH2-CH2-CH.>X,  and  CH3-CH2-CHX-CH3, 


are  derived  from  normal  butane;  the  other  two,  ^i[[::^>CH  CH2X, 
and  (jp[3^>CX-CH3,  from  isobutane. 

Tertiary  butyl  iodide,  (CH3)3CI,  has  been  previously  mentioned. 
It  may  be  obtained  by  treating  isobutyl  alcohol  with  zinc  chloride 
or  sulphuric  acid,  and  (lien  dissolving  the  isobutylene  formed  in 
this  way  in  concentrated  hydriodic  acid, 


(CH3)„CH-CH.,-0H  = (CH3)2C : CHo  + H„0 
(CH3)2C:  CHo  + III  = (CH3)‘2CI-CH3 ; 

also  by  heating  trimethylcarbinol  with  hydriodic  acid, 


(CH3)3C-OH  + III  = (CH:1)3T  + H.,0. 

It  is  a colourless  oil,  boils  at  100°  with  slight  decomposition,  and  i3 
readily  acted  on  by  alkalies,  being  converted  into  isobutylene. 
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i Ethereal  Salts  of  Nitric  Acid. 

The  ethereal  salts  of  nitric  acid  arc  formed  when  the 
aalogen  ethereal  salts  are  warmed  with  silver  nitrate  in 
Llcoholic  solution, 

Cir:jI  + AgNOa  = CH8-N08  + Agl ; 

hey  are  also  produced,  together  with  nitrites  (see  below), 
when  the  alcohols  are  treated  with  concentrated  nitric  acid, 
C3HrOH  + HX(>8  = ChH7.NU8  + H,0. 

Ethyl  nitrate,  C9H5-X0g,  is  formed  when  alcohol  is  treated 
/ith  ordinary  concentrated  nitric  acid, 

ait-. OH  + HXOg  = CoHr/XOg  + H,0, 
ut  so  much  heat  is  developed  that,  unless  care  ho  taken,  the 
aaction  becomes  almost  explosive  in  violence  ; even  when 
idle  lixture  is  cooled,  only  a comparatively  small  quantity  of 
thy  1 nitrate  is  produced,  owing  to  the  acid  oxidising  some  of 
10  alcohol,  and  being  itself  reduced  to  nitrous  acid,  which 
ten  interacts  with  the  alcohol,  forming  ethyl  nitrite.  If, 
owever,  the  nitric  acid  be  mixed  with  a little  urea  (p.  289), 
■substance  which  decomposes  nitrous  acid, 

CO(Xir,)2  + 2X0-0H  = CO,  + 311,0  + 2XT,, 
le  reaction  takes  place  with  much  less  violence,  and  ethyl 
itrato  is  the  sole  product. 

For  these  reasons  ethyl  nitrate  is  prepared  by  gradually  adding 
cohol  (not  more  than  30  grams)  to  half  its  volume  of  nitric  acid 
ip.  gr.  14),  to  which  about  5 grams  of  urea  have  been  added  ; the 
ixture  is  then  very  slowly  heated  on  a water-bath  in  a large  retort 
ovided  with  a condenser.  The  mixture  of  ethyl  nitrate,  alcohol, 
ul  acid  which  collects  in  the  receiver  is  shaken  with  water  in  a 
parating  funnel,  the  heavy  oil  dried  with  calcium  chloride,  and 
stilled  from  a water-bath. 

Ethyl  nitrate  is  a colourless  liquid  of  sp.  gr.  1T1  at  20°, 
id  boils  at  87°;  it  has  a pleasant  fruity  odour,  and  is  almost 
i soluble  in  water,  but  readily  soluble  in  alcohol,  &c.  It 
i inis  with  a luminous  flame,  and  when  dropped  on  to  a hot 
irface  it  sometimes  explodes.  It  is  slowly  decomposed  by 
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boiling  water,  quickly  by  hot  alkalies,  yielding  alcohol  and 
nitric  acid  or  a nitrate, 

C2H5-N03  + H20  = C,H5.f)H  + HN03. 

O11  reduction  with  tin  and  hydrochloric  acid  it  yields  liydroxyl- 
amine, 

C,H5.NO:j  + 6I-I  = C2H5-OH  + KH2-OH  + H20. 

Methyl  nitrate,  CH3-N03  (b.p.  66°),  and  the  higher  homo- 
logues  closely  resemble  ethyl  nitrate  in  properties. 

Ethereal  Salts  of  Nitrons  Acid. 

The  ethereal  salts  of  nitrous  acid  are  produced  by  the  action 
of  nitrous  acid  on  the  alcohols, 

c2h6-oh  + hno2  = c2h5.no2  + h2o. 

They  may  be  prepared  by  saturating  the  alcohols  with  the 
fumes  evolved  by  the  interaction  of  arsenic  trioxide  and  nitric 
acid,*  or  by  distilling  alcohol  with  sodium  nitrite  and 
sulphuric  acid,  or  with  copper  and  nitric  aeid.t 

Ethyl  nitrite,  C2H6-N02,  is  usually  prepared  by  slowly 
dropping  concentrated  nitric  acid  (3  c.c.)  into  a cold  mixture 
of  alcohol  (20  c.c.)  and  concentrated  sulphuric  acid  (2  c.c.), 
then  adding  copper  turnings  (about  4 grams),  and  distilling 
carefully  from  a water-bath. 

The  distillate  consists  of  a mixture  of  ethyl  nitrite,  alcohol, 
and  its  oxidation  products  ; when  mixed  with  alcohol,  it  is 
employed  in  medicine  as  ‘sweet  spirits  of  nitre.’  In  order  to 
prepare  pure  ethyl  nitrite,  the  distillate  is  shaken  with  water, 
the  oil  dried  over  calcium  chloride,  and  redistilled. 

Ethyl  nitrite  is  a colourless  liquid  of  sp.  gr.  0-900  at  15 ‘5°; 
it  boils  at  17°,  and  has  a pleasant  fruity  odour  like  that  of 
apples;  it  is  insoluble  in  water,  and  is  readily  hydrolysed  by 
boiling  water  or  dilute  alkalies, 

C2H6-N02  + IvOH  = CJ-T..OH  + KN02. 

* As.,Oa  + 2HNO.,  + 2H,0  = 2H3As04  + N„Oy 
f 2Cii  + 6 H NO.,  = 2Cu(NO;,)3  + 2 H2<  > + 2H N02. 
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Methyl  nitrite,  CH3-N0.2,  is  a gas;  the  higher  homologues 
•esemble  ethyl  nitrite. 

Nitro-paraffins.  — When  ethyl  iodide  is  heated  with  silver  nitrite, 
eery  interesting  changes  occur : part  of  the  ethyl  iodide  interacts 
i'itli  the  silver  nitrite,  yielding  ethyl  nitrite,  the  rest  being  con- 
•erted  into  nitro-ethune,  both  changes  being  expressed  by  the 
j luation 

C21I, I + AgN02  = C.Hs-NO,  + Agl. 


Ethyl  nitrite  and  nitro-ethane  are  isomeric  ; the  former  is  simply 
salt  of  nitrous  acid,  HON:0,  and  has  the  constitution 
j 2Hr>  O N:(),  whereas  the  latter  contains  pentavalent  nitrogen, 

. nd  has  the  constitution  ('.,11,  Ns^j\ 


1 Compounds,  similar  to  nitro-ethane  in  constitution  and  isomeric 
iitli  the  corresponding  nitrites,  may  be  obtained  from  other 
ulogen  ethereal  salts  in  the  above  manner  ; they  are  termed  nitro- 
nraffins,  because  they  are  derived  from  t lie  parailins  by  the  sub- 


itution  of  the  nitro  group  — NS^j  jfor  one  atom  of  hydrogen. 

The  nitro-paraflins  are  colourless,  pleasant  smelling  liquids,  and 
>stil  without  decomposition,  but  their  boiling-points  are  much 
.glier  than  those  of  the  corresponding  nitrites  ; nitro-ethane,  for 
rample,  boils  at  114°,  ethyl  nitrite  at  17°.  They  differ  from  the 
trites  in  certain  important  particulars : the  nitro-paraffins  are 
Uuble  in,  but  are  not  decomposed  by  caustic  alkalies,  whereas  the 
trites,  like  all  other  ethereal  salts,  undergo  hydrolysis,  yielding  an 
eohol  and  a nitrite.  The  nitro-paraflins  are  converted  into  amines 
reduction. 


C..1T-- N 0,  + 611  - CdL.  NIL  + •211.0, 
lilst  the  nitrites  yield  hydroxy lamine,  or  ammonia,  and  an 
•eohol, 

C-,11,,  0 N:0  i (Ilf  = ( OH  + Nil  , + 11,0. 


Ethereal  Salts  oj  Sulphuric  Arid. 

Dibasic  acids,  such  as  sulphuric  acid,  form  two  classes  of 
Its  witli  alcohols — namely,  acid  salts,  corresponding  with 
•e  acid  sulphates,  and  normal  or  neutral  salts,  corresponding 
th  the  neutral  sulphates, 

hyl  hydrogen  sulphate,  * -[k>SO,  Ethyl  sulphate,  (CdT ,),SO,. 
tassium  hydrogen  sulphate,  ^~>S04  Potassium  sulphate,  K.,804. 
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Ethyl  hydrogen  sulphate,  ethylsulphuric  acid,  or  sulpho- 
vinic  acid  (from  sulphuric  acid  and  spirits  of  wine), 
C2H5-HS04,  is  formed  when  ethylene  is  passed  into  fuming 
sulphuric  acid,  or  heated  with  ordinary  sulphuric  acid, 

c2h4  + h2so4  = c2h6-hso4. 

It  is  prepared  in  the  following  maimer:  A mixture  of  equal 
volumes  of  alcohol  and  concentrated  sulphuric  acid  is  heated  at 
100°  for  about  an  hour,  when  part  of  the  alcohol  is  converted  into 
ethyl  hydrogen  sulphate, 

C2H5OH  + H2S04  = C2HbHS04  + I120. 

The  solution  is  cooled,  diluted  with  water,  and  treated  with  a 
slight  excess  of  barium  carbonate,  when  barium  sulphate  and 
barium  ethylsulphate  are  formed, 

2C2H5HS04  + BaCOa  = (C2HBS04)2Ba  + C(J2  + II„0. 

After  filtering  from  the  barium  sulphate  and  excess  of  barium 
carbonate,  the  cold  solution  of  barium  ethylsulphate  is  treated 
with  dilute  sulphuric  acid  as  long  as  a precipitate  is  produced,  and 
filtered  again  to  separate  the  barium  sulphate, 

(C2H5-S04)oBa  + H2S04  = 2C2HiHSOJ  + BaS04. 

The  filtrate  is  now  free  from  sulphuric  acid  ; it  is  evaporated  at 
ordinary  temperature  under  reduced  pressure  over  sulphuric  acid, 
when  alcohol  and  water  pass  off  and  are  absorbed  by  the  sulphuric 
acid,  and  ethyl  hydrogen  sulphate  remains  as  a thick  sour  liquid. 

Ethyl  hydrogen  sulphate  lias  an  acid  reaction,  decomposes 
carbonates,  and  is,  in  fact,  like  potassium  hydrogen  sulphate, 
a monobasic  acid,  since  it  contains  one  atom  of  hydrogen  dis- 
placeable by  metals.  The  potassium  salt,  C2H5KS04,  may 
be  prepared  by  neutralising  the  acid  with  potassium  carbon- 
ate, or  by  treating  a solution  of  the  barium  salt  with 
potassium  carbonate,  and,  after  filtering,  evaporating  to  dry- 
ness ; it  is  a colourless,  crystalline,  neutral  compound,  readily 
soluble  in  water.  The  barium  salt,  (C2H6-S04)2Ba,  is  also 
readily  soluble  in  water,  so  that  ethylsulphuric  acid  does  not 
give  a precipitate  with  barium  chloride. 

Ethyl  hydrogen  sulphate  is  a very  interesting  substance, 
as  it  is  an  intermediate  product  in  the  conversion  ot  alcohol 
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jioto  ethylene  and  ether,  and  of  ethylene  into  alcohol.  "When 
■oiled  with  water  it  yields  alcohol,  so  that  it  cannot  be 
tbtained  from  its  aqueous  solution  by  evaporating  at  1UU", 

C2H5-HS04+  H20  = CUV)!!  + H2S04; 

jkvlien  heated  with  alcohol  it  gives  ether, 

CsHs.HS04  + C.,H5-OH  = (C2H5),0  + H2S04 ; 

md  when  heated  alone,  or  with  concentrated  sulphuric  acid, 
;;  yields  ethylene, 

C,H--HH()4  - c2h4  + h2so4. 

Ollier  alcohols  combine  with  siilplmric  acid,  yielding  acid  salts 
on'esponding  with  ethyl  hydrogen  sulphate;  these  compounds, 
ne  alkyl  hydrogen,  sulphates,  closely  resemble  ethyl  hydrogen 
nlphate  in  properties,  and  undergo  similar  decompositions. 

Ethyl  sulphate,  (Coilgl^SOj,  the  normal  or  neutral  salt,  is  of 
imparatively  little  importance  ; it  may  be  prepared  by  wanning 
lver  sulphate  with  ethyl  iodide,  when  double  decomposition  takes 
dace,  just  as  when  silver  sulphate  is  treated  with  potassium  iodide, 

Ag,SO,  + 2C,H5I  = (C2H5)2S04  + 2AgI. 

, Is  a colourless  liquid,  boiling  at  208°,  with  decomposition. 

MERCAPTANS  AND  SULPHIDES. 

1 Alcohols  form  two  classes  of  compounds  with  hydrogen 
ilphide — namely,  the  hydrosulphides  and  the  sulphides  ; the 
»rmer  bear  the  same  relation  to  the  metallic  hydrosulphides 
•i  the  alcohols  to  the  metallic  hydroxides,  whereas  the 
ulphides  are  related  to  the  metallic  sulphides  just  as  the 
-hers  to  the  metallic  oxides, 

/Ethyl  hydrosulphide,  CoH-  SIl  | Ethyl  sulphide,  (C\II,).,S 
1 Potassium  hydrosulphide,  K-S1I  l Potassium  sulphide,  K_.S 
| Ethyl  hydroxide,  (AH,  OH  | Ethyl  oxide,  (C2H,).,0 
1. Potassium  hydroxide,  K-OH  I Potassium  oxide,  K.,0 

lie  organic  hydrosulphides  or  sulphhydrates  are  usually 
lied  mercaptans  ( mercurium  captuns)  on  account  of  their 
■operty  of  combining  readily  with  mercuric  oxide,  forming 
ystalline  compounds  ; they  may  be  regarded  as  sulphur-  or 
io-alcohols,  and  the  organic  sulphides,  as  thio-ethers. 
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Ethyl  mercaptan,  C2H5-SH,  may  be  obtained  by  treating 
alcohol  with  phosphorus  pentasulphide, 

5C2H6-OH  + P2S5  = 5C2H5-SH  + P203 ; 
it  is  prepared  by  distilling  a concentrated  solution  of  ethyl 
potassium  sulphate  with  potassium  hydrosulphide, 

C2H6-KS04  + KSH  = C2H5-SH  + K2S04. 

It  is  a colourless,  very  unpleasant-smelling  liquid,  boiling  at 
36°.  The  hydrogen  atom  in  the  HS-  group  is  displaceable 
by  metals  more  readily  than  that  in  the  HO-  group  of  the 
alcohols  ; when  ethyl  mercaptan  is  treated  with  sodium  or 
potassium,  it  yields  sodium  or  potassium  mer  cap  fide,  G.Jb-SNa, 
or  C.,H5-SK,  with  evolution  of  hydrogen;  when  shaken  with 
mercuric  oxide,  it  yields  mercuric  luercaptide , 


2C,H,-SH  + HgO  = (C2H5-S)2Hg  + H,(), 
a crystalline  compound,  which  is  decomposed  by  hydrogen 
sulphide,  giving  ethyl  mercaptan, 

(CsH6.S)3Hg  + SH2  = 2C2H6-SH  + HgS. 

Other  mercaptans  can  be  obtained  by  similar  reactions ; they 
are  characterised  by  having  a highly  unpleasant,  garlic-like  smell, 
and  in  chemical  properties  they  resemble  ethyl  mercaptan  ; on 
oxidation  with  nitric  acid  they  are  converted  into  stdphonic  acids, 
C,H,-SH  + 30  = CoH5-SO,-OH. 

Ethylsulplionic  Acid. 


Sulphonic  acids  contain  the  group  - — SO..-OH,  the  alkyl  group 
being  attached  to  the  sulphur  atom,  and  not  to  oxygen,  as  in  the 
alkyl  sulphites, 


CH:, 


^0 

SI-O 


\0H 

Methylsulplionic  Acid. 


S 


OCH, 


Methyl  Sulphite. 


They  are  powerful  acids,  forming  salts,  such  as  potassium  ethyl- 
snlphonate,  C2HB-S02*0K ; and  they  differ  from  the  sulphites  in 
not  being  hydrolysed  when  boiled  with  dilute  aqueous  potash. 
They  stand,  therefore,  in  much  the  same  relationship  to  the 
sulphites  as  the  nitro-paraffins  to  the  nitrites  (j>.  181). 

Ethyl  sulphide,  (C2H5)2S,  may  be  obtained  by  treating 
ether  with  phosphorus  pentasulphide, 

5(C2H5)80  + P2S6  = 5(C2H6)2S  + PgO,, 
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and  by  distilling  a concentrated  aqueous  solution  of  ethyl 
potassium  sulphate  with  potassium  sulphide, 

2C._,Hs-KS04  + K,S  = (CalI6)aS  + 2KaS04. 
lit  is  a colourless,  neutral,  unpleasant-smelling  liquid,  and 
I i boils  at  9 1 D ; like  the  ethers,  it  does  not  contain  hydrogen 
displaceable  by  metals,  and  is  a comparatively  inert  substance. 

Other -sulphides  can  be  obtained  by  similar  methods,  and  have 
•similar  properties. 

Ethereal  Salts  of  Organic  Acids. 

Ethyl  acetate,  acetic  ether, 

C2H/)a-C,H5,  or  CHa-CO-OCoH,, 
lis  formed  when  acetyl  chloride  or  acetic  anhydride  is  treated 
with  alcohol, 

CH.j-CUC'l  + CJL-OH  = CllyCOOC.lh,  + 1IC1 
(CH3-C0).20  + C,H5-()H  = cilyCOOC.il,  + CH.-COOH; 
salso  when  a metallic  salt  of  acetic  acid  is  heated  with  a 
1 halogen  salt  of  ethyl  alcohol, 

CHyCOOK  + C2H.Br  = CH..C00C2H5  + Klir, 
and  when  alcohol  is  heated  with  glacial  acetic  acid, 

CHyCOOH  + CjjHyOH  = CHyC0OC.il-  + H.O. 

It  is  prepared  by  gradually  adding  a mixture  of  equal  volumes  of 
alcohol  and  acetic  acid  to  a mixture  of  equal  volumes  of  alcohol 
and  concentrated  sulphuric  acid,  heated  at  about  140°  in  a retort 
connected  with  a condenser ; this  process,  like  that  by  which  ether 
■is  prepared,  is  theoretically  continuous,  the  alcohol  and  sulphuric 
icid  combining  to  form  ethyl  hydrogen  sulphate,  which  then  inter- 
acts with  acetic  acid,  forming  ethyl  acetate  and  sulphuric  acid, 
C.H.-OH  + 1 1 .SO,  = C.,H,HS04  + IT.,0 
c,h,hso4  + C,H40,  = C.,H:10,.C,ir,’+  tt.,so4. 

ITlie  distillate  is  shaken  with  a concentrated  solution  of  sodium 
bhloride,  when  the  alcohol  dissolves,  the  ethyl  acetate  separating  as 
m oil  ; it  is  dried  with  calcium  chloride,  and  purified  by  fractional 
listillation. 

Ethyl  acetate  is  a colourless,  mobile  liquid,  having  a pleas- 
uit  fruity  odour,  and  boiling  at  77°;  it  is  specifically  lighter 
han  water,  in  which  it  is  moderately  easily  soluble.  It  is 
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readily  hydrolysed  (see  below)  by  hot  alkalies,  more  slowly  by 
hot  mineral  acids,  and  by  water, 

ch3.cooc2h5  + h2o  = ch3-cooh  + csh6-oh. 

When  treated  with  concentrated  ammonia  it  yields  acetamide 
and  alcohol, 

CH3-COOC2H5  + NHj  = CIl3-CO-jS'H2  + C3H6-OH. 
Sodium  acts  readily  on  ethyl  acetate,  with  formation  of  ethyl 

acetoacetate  (p.  189). 

Since  ethyl  acetate  has  a rather 
characteristic  smell,  and  is  formed 
when  acetic  acid  or  any  of  its 
salts  is  warmed  with  alcohol  and 
concentrated  sulphuric  acid,  the 
presence  of  acetic  acid  or  an 
acetate  may  be  readily  detected 
by  this  reaction,  the  so-called 
‘ acetic-ether  ’ test. 

In  hydrolysing  ethereal  salts,  and 
in  many  other  operations,  as,  for 
example,  in  the  preparation  of 
ethylene  from  ethyl  bromide,  it  is 
often  necessary  to  boil  the  aqueous, 
alcoholic,  ethereal,  or  other  solution 
for  a long  time ; in  order,  there- 
fore, to  avoid  loss  of  solvent,  or  of 
the  substances  present  in  solution, 
the  Hask  or  other  vessel  is  connected 
with  a reflux  condenser  [b,  lig.  18), 
so  that  the  vapours,  which  would 
otherwise  pass  away,  are  condensed, 
the  liquid  running  back  into  the 
flask.  The  latter  may  be  heated 
over  a piece  of  wire-gau/.e  or  on  a 
Fig.  18.  sand-bath,  but  when  alcohol,  ether, 

or  other  substances  of  low-boiling 
point  are  being  used,  a water-bath  is  usually  employed.  A very 
convenient  form  of  water-bath  (c)  is  that  shown  in  the  figure. 
During  use,  water  slowly  but  continuously  runs  from  the  tube  ((/), 
whiclAs  connected  with  the  water-supply ; the  water  in  the  bath 
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iis  thus  kept  at  a constant  level,  the  surplus  running  away  through 
(e).  With  apparatus  similar  to  that  shown,  a liquid  may  he  kept 
constantly  boiling  for  days  without  requiring  any  attention. 

SUMMARY  AND  EXTENSION. 

Although  the  ethereal  salts  of  mineral  acids  are,  on  the  whole, 
i very  similar  in  chemical  properties,  they  are  derived  from  acids  of 
>such  diverse  characters  that  slight  differences  in  behaviour  is  only 
ito  be  expected.  The  ethereal  salts  of  organic  acids,  on  the  other 
lhand,  being  derived  from  acids  of  similar  nature,  resemble  one 
another  in  chemical  properties  so  very  closely  that  they  may  be 
i described  in  a general  manner. 

The  ethereal  salts  of  organic  acids  may  all  be  produced  by  treat- 
iiug  an  alcohol  with  the  chloride  or  anhydride  of  the  acid, 

C;|H7-COCl  + CH.,-OH  = (’3H-COOCH3  + MCI, 
iand  by  heating  a metallic  salt  of  the  acid  with  a halogen  salt  of  an 
alcohol, 

C.>H3-COOAg  + CH3I  = CoH6COOCH3  + Agl. 

They  are  all  formed  when  an  alcohol  is  treated  with  an  acid,  but 
the  change  is  never  complete,  because,  after  the  interaction  has 
proceeded  for  some  time,  the  quantity  of  ethereal  salt  decomposed 
by  the  water  produced  is  the  same  as  that  formed  by  the  combina- 
tion of  the  acid  with  the  alcohol;  in  other  words,  a condition  of 
'equilibrium  is  established  when  the  two  changes  represented  by  the 
' equations 

CM;  Oil  + C.,II4U„  = C.,H,0.,CH3  + H.,0 

CJh.Oo-CH;,  + H,0  - CHpUH  + C,,II4U, 

•balance  one  another;  this  is  usually  expressed  by  writing  the 
► equations  thus, 

CH3-OH  + C:2H4a,  0._,H3O./CH3  + HjjU, 

"which  indicates  that  the  change  takes  place  in  either  direction. 

The  proportion  of  ethereal  salt  produced  depends  on  the  nature  of 
the  alcohol  and  acid,  and  on  their  relative  quantities;  it  is  inde- 
pendent of  the  temperature,  but  tbe  higher  the  temperature  the 
•sooner  the  condition  of  equilibrium  is  established.  If  the  water  pro- 
i luced  during  the  interaction  be  prevented  in  some  way  from  decom- 
posing the  ethereal  salt,  the  desired  change  is  far  more  complete  : 
jwhen,  for  example,  methyl  alcohol  is  heated  with  excess  of  anliy- 
Irous  oxalic  acid,  it  is  almost  completely  converted  into  methyl 
! ixalate,  because  the  anhydrous  oxalic  acid  combines  with  the  water 
rs  fast  as  it  is  formed,  and  thus  the  inverse  change  is  prevented, 

CAVIL  + 2CHyOH  = C.,04(CH:i).,  + 211,0. 

In  order,  then,  to  prepare  an  ethereal  salt  from  an  acid  and  an 
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alcohol,  some  dehydrating  agent,  such  as  hydrogen  chloride,  sul- 
phuric acid,  zinc  chloride,  &c.,  should  he  present.  Based  on  these 
considerations,  the  two  methods  usually  employed  in  preparing  ethe- 
real salts  of  organic  acids  are  (a)  by  passing  hydrogen  chloride  into 
a mixture  of  the  acid  and  alcohol,  and  then  warming  the  saturated 
solution ; ( b ) by  warming  a mixture  of  the  acid  and  alcohol  with 
concentrated  sulphuric  acid.  In  both  cases  the  mineral  acids  act  as 
dehydrating  agents.  If  the  ethereal  salt  he  readily  volatile  (ethyl 
acetate),  the  mixture  is  now  distilled  ; if  not,  it  is  poured  into 
water  and  the  ethereal  salt  isolated  by  filtration,  if  a solid,  by 
extraction  with  ether,  if  a liquid,  or  if  it  be  soluble  in  water. 

When  only  a small  quantity  of  acid  is  at  disposal,  and  it  is 
desired  to  prepare  one  of  its  ethereal  salts,  it  is  converted  into  the 
silver  salt,  and  the  latter  is  warmed  with  a halogen  ethereal  salt 
(see  above). 

Normal  ethereal  salts  are  usually  colourless,  neutral,  pleasant 
smelling  liquids,  which  distil  unchanged  under  atmospheric  pres 
sure,  and  are  volatile  in  steam  ; a few,  such  as  cetyl  palmitatc 
Ci,iH:u0.j-C1(1Hsi,  which  occurs  in  spermaceti,  are  solid  at  ordinary 
temperatures,  and  distil  with  decomposition.  They  are  all  com 
paratively  inert  substances,  and  resemble  the  ethers  perhaps  more 
closely  than  any  other  class  of  compounds,  although,  at  the  same 
time,  they  differ  from  them  in  several  important  respects.  The  acid 
ethereal  salts  are  usually  non-volatile,  and  act  like  feeble  acids. 

All  ethereal  salts  are  decomposed  by  water,  mineral  acids,  and 
alkalies,  the  change  which  they  undergo  being  spoken  of  as  hydro- 
lysis (or  saponification,  p.  169), 

CH;)COOC3H7  + KOH  = CH..-COOK  + C;1H7OH 
2H-COOCH;,  + Ba(OH).,  = (H-COOj.Ba  + 2C1I..-OH. 

The  rapidity  with  which  hydrolysis  takes  place  depends  on  the 
temperature  and  concentration  of  the  solution,  as  well  as  on  the 
nature  of  the  ethereal  salt  and  of  the  hydrolysing  agent ; as  a rule, 
potash,  soda,  and  barium  hydroxide  are  the  most  powerful  hydro- 
lysing agents.  Since  ethereal  salts  are  generally  insoluble  in 
water,  if  they  be  boiled  with  aqueous  alkalies  or  mineral  acids  they 
are  not  attacked  very  quickly;  it  is  usual,  therefore,  to  employ 
alcoholic  potash,  Ac. , in  which  the  ethereal  salts  are  soluble. 

All  ethereal  salts  of  organic  acids  yield  amides  on  treatment 
with  concentrated  aqueous  or  alcoholic  ammonia, 

C;,H- GOOCH,  + NH;,  = C;,ir7-CO-NH,  + CHs  OH, 
whereas  the  halogen  ethereal  salts  give  amines  with  alcoholic 
ammonia  (p.  200), 

1 C’oII.,  I + NH3  = CaH„  NH..  III. 
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l lTlie  ethereal  salts  of  organic  acids  afford  an  excellent  example  of 
Jit  the  special  form  of  isomerism  known  as  metamerism  ; ethyl 
Hf formate,  H-CO-O-CIL-CH,,  for  example,  is  metameric  with  methyl 
aaeetate,  CH..-C0-0-CH;. ; propyl  formate,  H-COOC3H7,  is  meta- 
> meric  with  ethyl  acetate,  CHipCOOCoHj,  and  with  methyl  pro- 
pionate, C.jHr/COOCHa. 

Many  ethereal  salts  occur  in  the  fruit,  flower,  and  other  parts  of 
plants,  and  it  is  to  their  presence  in  many  cases  that  the  scent  of 
tthe  part  is  due;  many  are  prepared  artificially  for  flavouring 
-sweets,  pastry,  perfumes,  &c.  : amyl  acetate,  CH.j  COOC5Hn,  for 
(•example,  prepared  from  commercial  amyl  alcohol,  has  a strong 
-smell  of  pears,  and  is  known  as  ‘pear-oil;’  methyl  butyrate, 
fC3H7-COOCII.„  is  sold  as  ‘pine-apple  oil,’  isoamyl  isovalerate  as 
‘ apple-oil,’  and  so  on. 


CHAPTER  XI. 

SYNTHESIS  OF  KETONES  AND  FATTY  ACIDS  WITH  THE  AID 
OF  ETHYL  ACETO ACETATE  AND  ETHYL  J1 A DONATE. 

In  the  whole  domain  of  organic  chemistry  probably  no 
compounds  have  been  more  extensively  used  for  synthetical 
purposes  than  ethyl  acetoacetate  and  ethyl  malonate,  and 
certainly  one  of  the  most  important  uses  to  which  these  sub- 
stances have  been  put  is  the  synthesis  of  a great  variety  of 
-ketones  and  fatty  acids,  many  of  which  could  have  been  pre- 
pared only  with  great  difficulty  by  other  methods. 

Ethyl  acetoacetate,  CH3-C6-CH2-C00C.,H5,  the  ethyl  salt 
if  acetoacetic  acid,  is  formed  when  ethyl  acetate  is  treated 
with  sodium,  and  the  product  decomposed  with  dilute  acids, 
i The  final  result  is  that  2 molecules  of  ethyl  acetate  combine 
vith  loss  of  1 molecule  of  alcohol,  the  following  equation 
^presenting  the  reaction  in  its  simplest  form, 


Ti.-Of  ):OC,H5  + H |CH.yCOOC.,H5  = CH.,.CO-CH,-C(  >OCJl5 


+ CoHj-OH. 

n reality,  however,  the  interaction  is  a complex  one;  the 
•odium  i.htrivatire  of  ethyl  acetoacetate  is  first  formed, 
2CH,.COOC2Hb  + 2Xa  -=  CH3-CO.CHNa-COOC.,Hr, 

+ C,H5-OXa  + H.„ 
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and  this  sodium  derivative,  when  decomposed  with  dilute 
acids,  yields  ethyl  acetoacetate, 

CH3- CO-  C HN: a-  C OOCJIj  + HC1  = CII3-CO.CH2.COOC2H5 

+ NaCl. 

Preparation. — Sodium  (.'10  grams),  in  the  form  of  thin  wire  or 
shavings,  is  added  to  pure  dry  ethyl  acetate  (300  grams)  contained 
in  a flask  connected  with  a reflux  condenser.  As  soon  as  the 
vigorous  action  which  sets  in  has  subsided,  the  flask  is  heated  on 
a water-bath,  until  bright  particles  of  sodium  are  no  longer  visible 
on  shaking. 

The  thick  brownish  semi-solid  product,  which  consists  of  the 
sodium  derivative  of  ethyl  acetoacetate,  is  allowed  to  cool,  and  then 
treated  with  dilute  (1  : 4)  hydrochloric  acid,  until  the  solution  is 
distinctly  acid  to  test-paper.  An  equal  volume  of  a saturated  solu- 
tion of  salt  is  now  added,  and  the  oily  layer  separated  from  the 
aqueous  solution,  dried  over  calcium  chloride,  and  fractionated. 
At  first  a quantity  of  unchanged  ethyl  acetate  passes  over;  the 
thermometer  then  rises  rapidly  to  about  160°,  the  fraction  170-185 3 
consisting  of  nearly  pure  ethyl  acetoacetate,  and  weighing  40-50 
grams. 

Ethyl  acetoacetate  is  a colourless  liquid,  boiling  at  180°,  and 
having  an  agreeable  fruity  odour ; it  is  sparingly  soluble  in 
water,  but  readily  in  alcohol  and  ether.  The  alcoholic  solu- 
tion assumes  a beautiful  violet  colour  on  the  addition  of  ferric 
chloride. 

It  is  remarkable  that,  although  neutral  to  test-paper,  ethyl 
acetoacetate  possesses  acid  properties.  It  dissolves  in  dilute 
potash  or  soda,  and  is  reprecipitated  on  the  addition  of  acids, 
but  it  is  insoluble  in  alkali  carbonates. 

The  sodium  derivative,  CH3-CO-CHNa-COOC2H6,  which 
is  so  largely  used  for  synthetical  purposes,  may  be  prepared 
by  adding  sodium  to  a solution  of  ethyl  acetoacetate  in  ether 
or  benzene, 

2C1I3-C0-CH2-C00C.,H5  + 2Na=.  2CH8.CO-CHNa-COOCsH5 

+ H,, 

or  by  mixing  ethyl  acetoacetate  with  an  alcoholic  solution 
of  sodium  ethoxide, 
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OILj- CO- CH.>- COOC.2H5  + NaO-C2H6  - 

CH8-CO-CHNa-COOCsH6  + C2H5-OH. 

On  evaporating  the  solvent  in  a current  of  hydrogen,  the 
wodium  derivative  is  obtained  as  a white  crystalline  mass, 
which  is  readily  soluble  in  water,  alcohol,  and  ether  ; it  rapidly 
'deliquesces  in  contact  with  moist  air,  and  undergoes  decom- 
| position  when  its  aqueous  solution  is  boiled. 

When  shaken  with  a saturated  solution  of  copper  acetate, 
tithyl  acetoacetate  forms  a green  crystalline  copper  derivative, 
iCnH903),Cu. 

This  property  of  forming  metallic  derivatives  is  due  to  the 
i nresence  of  the  group  -CO-CH.,-CO- ; all  substances  which 
ontain  this,  or  the  group  -CO-CH-CO  , yield  derivatives 

i 

with  sodium,  frequently  also  with  other  metals. 

The  sodium  derivative  of  ethyl  acetoacetate  interacts  readily 
with  alkyl  halogen  compounds  with  formation  of  a sodium 
talogen  salt  and  a mnno-suhstitution  derivative  of  ethyl  aceto- 
cetate,  the  alkyl  group  taking  the  place  previously  occupied 
'ly  the  metal.  Thus  methyl  iodide  interacts  with  the  sodium 
orivative  of  ethyl  acetoacetate,  forming  ethyl  met h pi nceto- 
cetate, 

lH3-CO-CHNa-COOC2H6  + CH3I  = 

CH3-CO-CH(CH.j).COOC2TT5  + NaT, 

/hereas  when  propyl  bromide  is  employed,  ethyl  propj/I- 
cetoacetate,  CH.i-CO-CH(C3II7)-COOC.)H5,  results,  and  so 
m. 

All  the  alkyl  mono-substitution  derivatives  of  ethyl  aceto- 
eetate  contain  the  group  — CO-CH  CO-,  and  are  therefore 

i 

ipable  of  forming  sodium  derivatives  such  as 

iH3.CO-CNa(CH3)-COOC2Trr,,  CH.t-CO.CNa(C.,H7)-C(  H KUI,, 

;c.,  on  treatment  with  sodium  or  sodium  ethoxide,  the  metal 

iking  the  place  of  the  hydrogen  atom  in  the  — CH—  group. 

I 

hrom  these  sodium  derivatives,  by  the  action  of  alkyl 
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halogen  compounds,  di-substitution  derivatives  of  ethyl  aceto- 
acetate  are  produced  thus  : 

CH3-CO-CNa(CH3)-COOC.2H6  + C2H6Br  = 

CH3.CO-C(C2H6)(CH3)-COOC2H5  + NaBr. 

Ethyl  EZZiyZwwMi/Zacetoacetate. 

CH8-CO-CNa(C3H7)-COOC2H5  + C3Ii7l  = 

CH3.CO-C(C3H7)2.COOC,H5  + Nal. 

Ethyl  Dipropj/Zacetoacetate. 

In  order,  then,  to  obtain  a di-substituted  ethyl  acetoacetate, 
the  mono-substitution  derivative  is  first  prepared  and  then 
treated  with  sodium  ethoxide  and  the  alkyl  halogen  com- 
pound ; the  introduction  of  both  alkyl  groups  cannot  be 
carried  out  in  one  operation,  because  ethyl  acetoacetate  is  not 
sufficiently  acid  in  properties  to  form  a disodium  derivative  of 
the  constitution  CH:j-CO-CNn.,-C<  )OC.,H5. 

The  synthesis  of  the  alkyl  substitution  products  of  ethyl  aceto- 
acetate is  usually  carried  out  as  follows  : The  theoretical  quantity 
of  sodium  (1  atom)  is  dissolved  in  10-12  times  its  weight  of  absolute 
alcohol,  and  the  solution  of  sodium  ethoxide  is  thoroughly  cooled. 
The  ethyl  acetoacetate,  or  the  mono-substituted  ethyl  acetoacetate, 
(1  mol.),  and  a slight  excess  of  the  alkyl  halogen  compound  (1  mol.) 
are  now  gradually  added,  the  whole  being  well  cooled  during  the 
operation  ; the  flask  is  then  connected  with  a reflux  condenser 
(p.  186),  and  the  mixture  heated  to  boiling  until  neutral  to  test- 
paper.  In  order  to  isolate  the  product,  the  alcohol  is  distilled  from  a 
water-bath,  the  residue  mixed  with  water  to  dissolve  the  pre- 
cipitated sodium  salt,  and  the  whole  extracted  with  ether;  the 
ethereal  solution  is  dried  with  calcium  chloride,  the  ether  distilled 
off,  and  the  residual  oil  purified  by  fractional  distillation. 

The  following  are  some  of  the  more  important  mono-  and  di-sub- 
stitution products  of  ethyl  acetoacetate,  with  their  boiling-points : 

B.p. 

Ethyl  mcZ/M/Zaceto  acetate,  C H 0 • C H ( C H :l ) • CO  O C JI-, . . 1 8 7° 

Ethyl dimethyl acetoacetate,  CH3-CO-C(CH3)2-COOC2H6. ...  184 
Ethyl  rZ/iy/acetoacetate,  CH3*CO-CH(C2H6)-COOCoHr,  .198° 

Ethyl  diethyla.cetoa.cetQ.te,  CH3-CO*C(C2H5)2-COOCaHs...218° 
Ethyl  /mo/n/Zacetoacetate,  CH.|-CO-(’H(C3H7)-COOC2Hri  .209 
Ethyl  iso])ropijla.cetoo.cet&te,  0 11:1  • C 0 • fTI  ( C.  H 7 )•  C O ()('.,  H .201 

The  mono -substituted  ethyl  acetoacetates  difler  from  ethyl  aceto- 
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refute  in  that  they  are  insoluble  in  alkalies,  and  do  not  give  copper 
nivatives,  although  they  readily  form  sodium  derivatives.  The 

I -substituted  ethyl  acetoacetates  do  not  contain  a hydrogen  atom 
-splaceable  by  metals : both  classes  of  compounds  give  a charac- 
rristie  bluish-violet  colouration  with  ferric  chloride. 

'One  of  the  most  important  reactions  of  ethyl  acetoacetate 
d its  derivatives  is  the  decomposition  which  these  substances 
: id ergo  when  treated  with  alkalies  or  mineral  acids.  Alkalies 
i ordinary  temperatures  simply  hydrolyse  the  ethereal  salts 
Ittli  formation  of  the  alkali  salts  of  the  corresponding  acids, 

tf3-CO-CH./COOC,H6  + KOH  = 

CHs-CO-CH2-COOK  + c2h5-oh. 

Potassium  Acetoacetate. 

ii  acidifying  the  solution  and  extracting  with  ether,  the  free 
ds  are  obtained  ; these  ketonic  acids  are,  however,  very  un- 
ble,  decomposing  in  many  cases  at  ordinary  temperatures, 
LI  always  very  readily  on  warming,  yielding  carbon  dioxide 
11  a ketone, 

CH;i-CO-CH,.COOH  = CH.,CO-CH3  + CO, 

CH.,-  CO-  C ( C,H5),"  C 0 0 H = CH:i-CO'CH(C2H-),  + CO,. 

hen  heated  with  alkalies,  ethyl  acetoacetate  and  its  deriva- 
'3S  are  decomposed  in  two  ways,  the  course  of  the  decom- 
ition  depending  to  a great  extent  on  the  strength  of  the 
ali  used. 

foiling  dilute  alcoholic  potash  converts  these  substances  into 
men,  with  separation  of  potassium  carbonate  (ketonic 
tlrolysis), 


CH:,.C0-C1I2:C00C,H,  + 2 KOI!  = CH.pCO-CTF,  + KoC0a 
+ C2H5-OH 

9-C0.C(C2Hs)s;  COOC2H6  + 2KOH  = CH!1-C0-CH(C2H6)2 

+ k2co3  + c2h5.oi-i. 


onic  hydrolysis  is  also  brought  about  by  boiling  with 
te  mineral  acids.  If,  however,  strong  alcoholic  potash  be 
kloyed,  the  decomposition  takes  place  in  quite  a different 

M 
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manner,  the  potassium  salt,  of  a fatty  acid  being  the  principal 
product  (acid  hydrolysis), 

CH3-CQjCH2-COOC2H5  + 2KOH  = 2ClI.j-COOK  + C,Hr/OH 

CH8-COiC(CsH5)a-COOC2H5  + 2KOH  = CH,-COOK 
: + (C2H5)2CH-COOK  + C2H5-OH.' 

Potassium  Diethylacetate. 

Ethyl  acetoacetate  is  therefore  a very  important  com- 
pound, as  with  its  aid  any  fatty  acid,  or  any  ketone 
(containing  the  group  CIi:!-CO-)  can  be  synthetically  prepared, 
provided  the  requisite  alkyl  halogen  compound  can  be 
obtained. 

Example. — If  an  acid  of  the  constitution  (C.,H-,)(C’.lH7)CII-COOH 
— namely,  ethylpropylacetic  acid — he  required,  ethyl  eM///, -ice to- 
ne elate,  CH3-CO-CH(C2Hb)-COOC._,H5,  might  he  lirst  prepared;  on 
treating  the  sodium  derivative  of  this  substance  with  propyl  iodide, 
ethyl  cth7jlpropyliiceton.cGtn.te,  CH3-CO-C(C2Hr,)(C3H7)-COOC2H5, 
would  he  formed,  and  the  latter,  when  heated  with  strong  alcoholic 
potash,  would  yield  the  potassium  salt  of  the  acid  required, 

CH.,CO-C(C2HB)(C3Hr)-COOC2HB  + 2KOH  = 

CHyCOOK  + CH(C2H5)(C3H7)-COOK  + C,H6-OH. 

Example. — If  a ketone  of  the  constitution  CITyCO-CIL-C.,!!,, — 
namely,  lmtyl  acetone — he  required,  ethyl  butyl  acetoacetate, 
CH3-CO-CH(C4Hb)-COOC2H8,  would  he  prepared,  by  treating  the 
sodium  compound  of  ethyl  acetoacetate  with  butyl  iodide,  and 
then  decomposed  by  boiling  with  dilute  alcoholic  potash  or  dilute 
sulphuric  acid, 

CH3.CO-CH(C4H,,)-COOC2Hb  + 2KOH  = 

CH3-COCFI2-C4H8  + K,C03  + C„Hb.()H. 

The  acid  and  the  ketonic  hydrolysis  of  ethyl  acetoacetate  and 
its  derivatives  always  take  place  to  some  extent  side  by  side,  j 
whether  weak  or  strong  alkali  he  used.  It  is  not  possible,  for 
instance,  to  decompose  an  ethyl  acetoacetate  derivative  with 
strong  alkali,  without  a small  amount  of  ketone  being  formed,  and 
when  dilute  alkali  is  used,  a certain  quantity  of  the  salt  of  a fatty 
acid  is  invariably  produced  ; nevertheless  the  relative  quantities  of  1 
the  products  depend  very  largely  on  the  strength  of  the  alkali 
employed. 

* 
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Constitution  of  Ethyl  Acetoacetate. — On  hydrolysis,  ethyl  acetooce- 
aate  is  converted  into  aeetoacetic  acid,  which  when  gently  wanned 
• s decomposed  into  acetone  and  carbon  dioxide;  this  acid  is  there- 
vre  evidently  the  carboxylic  acid  of  acetone,  CH:l-CO-CH.yCOOH, 
nnd  its  ethereal  salt,  ethyl  acetoacetate,  must  he  represented  by 
lie  formula  OHj-CO-CHo-COOCoHj. 

That  ethyl  acetoacetate  contains  a ketonic.  group  -CO-  is 
10 wn  by  the  fact  that  it  combines  with  sodium  bisulphite, 
yydroxylamine,  phenylhydrazine,  and  hydrogen  cyanide,  and 
uat  on  reduction  it  is  converted  into  /9-hydroxybutyric  acid, 
1H.;-CH(0H)-CH2-C00IT,  or  its  ethyl  salt.  In  some  of  its 

I motions,  however,  ethyl  acetoacetate  behaves  as  if  it  contained 
hydroxvl-group,  and  had  the  constitution  represented  by  the 
iirmula  CH:fC(OH):CH'COOCaH„  and  there  are  reasons  for  believ- 
jg  that  other  substances  which  contain  the  group  -C'0-(’H2-  or 
UO-CH-  are  also  capable  of  existing  in  two  forms  ; at  all  events, 

■ieir  behaviour  is  such  that  in  some  cases  the  assumption  must 
i made  that  these  groups,  by  intramolecular  change  (p.  290),  are 
inverted  into  -C(OH):CH-  and  -C(0H):C-  respectively. 

The  constitution  of  tlie  sodium  derivative  of  ethyl  acetoacetate 
ay  be  expressed  by  the  formula  CH.,-CO-CHNa-COOC2H5 ; the 
•dium  atom  is  represented  as  directly  combined  with  carbon, 
fscause  when  the  sodium  derivative  is  treated  with  alkyl  halogen 
mpounds,  substitution  products  of  ethyl  acetoacetate  are  formed 
which  tlie  alkyl  group  is  certainly  directly  united  with  carbon, 
is  shown  by  their  behaviour  on  hydrolysis. 

Other  Ketonic  Acids. 

! Pyruvic  arid,  or  acetylformic  acid,  CTT3  f’O  COOH,  is  formed  by 
e dry  distillation  of  tartaric  acid  (p.  241), 


CH(OTI)-COOII 

CH(0H).C00H 


CH2C0C00TI 


C02  + IIoO. 


Tt  is  an  oily,  sour-smelling  liquid,  distils  at  165-170°,  and  is 
able  in  water  in  all  proportions.  It  combines  with  hvdroxyl- 
line,  and  gives  with  phenylhydrazine  in  aqueous  solution  a very 
iringly  soluble  phenylhydrazone,  CH;i'C'(N.,ITC(.TIa)-COOH,  the 
ination  of  which  serves  as  a ready  means  of  detecting  the  acid, 
3n  when  present  in  small  quantity.  When  treated  with  sodium 
lalgam,  pyruvic  acid  is  reduced  to  lactic  acid  (p.  225), 

ctt:, -co-coon  + 2ir  - rii:l-('iifoii)-rooii. 
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Levulinic  acid  (/3-acetylpropionic  acid),  (TL-COCILLTL-COOH, 
is  produced  when  starch,  cane-sugar,  dextrose,  levulo.se,  and 
other  carbohydrates  containing  6,  or  a multiple  of  6,  carbon 
atoms  are  boiled  with  dilute  hydrochloric  acid. 

Preparation.  — Starch  (3  kilos)  is  gradually  added  to  hot  hydro- 
chloric acid  of  sp.  gr.  1-1  (3  litres),  and  the  thin  syrup  is 
then  heated  in  a reflux  apparatus  for  twenty  hours  on  a water- 
bath.  The  solution  is  separated  from  the  humus  matter  by  pres- 
sure between  cloths,  and  after  concentration  to  a syrup,  extracted 
with  ether  ; the  ethereal  solution  is  evaporated,  and  the  residual 
crude  levulinic  acid  purified  by  distillation  under  reduced  pressure. 

Levulinic  acid  melts  at  33-5°  and  distils  at  250" ; it  is  very 
soluble  in  water,  combines  readily  with  hydroxylainine  and 
phenylhydrazine,  and  when  reduced  with  sodium  amalgam  it 
yields  7-hydroxy  valeric  acid,  CII;I-GT1(OH)-CIL-CIL-COOH.  Levu- 
linic acid  is  isomeric  with  methylacetoacetic  acid  or  a-acetyl- 
propionic  acid,  CH.t-CO-CH(CIL,)-COOH. 

Ethyl  malonate,  CH.,(COOC„H5)2,  does  not  belong  to  the 
same  class  of  substances  as  ethyl  acetoacetate,  although,  like 
the  latter,  it  contains  the  group  -COCH2-CO-  ; it  is,  however, 
conveniently  considered  in  this  chapter  on  account  of  its 
employment  in  the  synthesis  of  fatty  acids. 

When  potassium  chloracetate  is  digested  with  potassium 
cyanide  in  aqueous  solution,  potassium  cyanacetate  is 
produced, 

CTT.jCl-COOK  + ICCN  = CH2(CN)-COOK  + KC1. 

This  salt,  011  hydrolysis  with  hydrochloric  acid,  yields  malonic 
acid  (p.  234), 

CH2(CN)COOK  + 2HC1  + 2H.,0  = 

CH2(COOH)2  + KC1  + NH4C1, 

but  if  the  dry  potassium  cyanacetate  be  mixed  with  alcohol 
and  the  mixture  saturated  with  hydrogen  chloride,  ethyl 
malonate  is  produced, 

CH.,(CN)-COOK  + 2HC1  + 2C,H,-0H  = 

CH2(COOC2H6)2  + KC1  + NH4C1. 

Preparation . — Chi oraee tic  acid  (100  grams)  is  dissolved  in  water 
(200  c.c.)  and  neutralised  with  potassium  carbonate  (7(3  grams); 
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ootassium  cyanide  (75-80  grams)  is  then  added,  and  the  whole 
meated  in  a large  porcelain  basin  until  a vigorous  reaction 
commences.  As  soon  as  this  has  subsided,  the  solution  is 
evaporated  on  a sand-bath,  the  thick  semi-solid  residue  being 
constantly  stirred  with  a thermometer  until  the  temperature 
reaches  135° ; the  solid  cake  of  potassium  chloride  and  cyanacetate 
-s  powdered,  transferred  to  a Mask,  an  equal  weight  of  alsolute 
l.lcohol  added,  and  the  boiling  mixture  saturated  with  dry 
{ydrogen  chloride  (compare  p.  187-8).  When  cold,  the  solution  is 
oured  into  twice  or  thrice  its  volume  of  ice-water  ; the  product 
5 then  extracted  with  ether,  the  ethereal  solution  washed  with 
a ter,  dried  with  calcium  chloride,  and  the  ether  distilled  oil', 
'lie  crude  oil  is  purified  by  fractional  distillation  ; the  portion 
oiling  at  195-200°,  after  two  or  three  distillations,  consists  of 
Tactically  pure  ethyl  malonate. 


Ethyl  malonate,  ethyl  acetoacetate, 

ontains  the  group  -CO-CH2-CO-,  and  is  capable  of  forming 
sodium  derivative  when  treated  with  the  metal  or  with 
idium  ethoxide, 

2CH,(COOC,H5)2  + 2Xa  = 2CHNa(COOC.,H5),  + H„ 
H2(C00G2H5)2  + Na6-C2lI5  = CHXa(C00C2H5).2  + C,H5'01[. 

nlike  ethyl  acetoacetate,  it  does  not  dissolve  in  aqueous 
kalies,  because  its  alkali  derivatives  are  decomposed  by  water, 
d it  does  not  give  a colouration  with  ferric  chloride.  The 
lium  derivative  of  ethyl  malonate  interacts  readily  with  alkyl 
logen  compounds,  yielding  homologues  of  ethyl  malonate, 


;HNa(COOC,li5)2  + CJ1-I  = CH(G,iy  (COOC.,11,),  + Ni 

Ethyl  EWtylmaloiiate. 


ese  mono-substitution  derivatives,  like  those  of  ethyl  aceto- 
state,  are  again  capable  of  forming  sodium  derivatives, 
ich,  by  further  treatment  with  alkyl  halogen  compounds, 
Id  di-substitution  derivatives  of  ethyl  malonate, 
t(C2Ha)(COOGgH6)2  + XaO-G.,[[-  = CNa(G.,ll,)  (CO(JC„H,), 

+ c2h“-oh 

ra(G2I-I5)(COOC2H5)2  + C31ITI  = 

C(G3H7)(C2Hri)(COOC2H5)2  + Nal. 

Ethyl  lJropylethylnui\(j]io.io. 
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In  this  way  a great  variety  of  derivatives  may  be  obtained, 
the  syntheses  being  carried  out  exactly  as  described  in  the 
case  of  the  substitution  products  of  ethyl  acetoacetate. 

Ethyl  malonate  and  its  derivatives  are  readily  hydrolysed 
by  boiling  alcoholic  potash  with  formation  of  the  potassium 
salts  of  the  corresponding  acids, 

C3H6.CH(COOCsH6)s  + 2KOI1  = 

C2H5-CH(COOK)2  + 2C,H5.OH 

Potassium  Etliylmaloiiate. 

u!hP>C(COOC2H5)2  + 2KOH  = 

C3H7>C(CO°K).  + 2CaH6-OH. 

Potassium  Propylethyl malonate. 

Malonic  acid  and  the  dicarboxylic  acids  derived  from  it  are 
rapidly  and  quantitatively  decomposed  at  about  2003  with 
evolution  of  carbon  dioxide  and  formation  of  fatty  acids. 
This  behaviour  is  shown  by  all  acids  which  contain  two 
carboxyl-groups  directly  combined  with  the  same  carbon  atom 
(p.  234), 

CH2(C00H)2  = CHj.COOH  + C02 

c3h7>c(cooh)2  = ch7>ch-cooh  + co,. 

Propylethylmalonic  Acid.  Propylethylacetic  Acid. 

Ethyl  malonate  is,  therefore,  of  the  utmost  service  in  the 
synthesis  of  fatty  acids,  and  is  indeed  more  used  for  this 
purpose  than  ethyl  acetoacetate,  because  in  the  case  of  the 
latter,  ketones  are  always  formed  on  hydrolysis  as  bye- 
products.  The  value  of  both  synthetical  methods  is  also 
much  enhanced  by  the  fact  that  the  constitution  of  the  acid 
(or  ketone)  obtained  is  always  known,  which  is  very  often  not 
the  case  when  other  methods  are  employed. 

Example. — Normal  valeric  acid,  CH;!-CH2-CH2-CH2-COOH,  is  to 
lie  prepared  synthetically.  In  the  first  place  the  sodium  derivative  of 
ethyl  malonate  would  he  heated  with  propyl  iodide,  and  the  resulting 
ethyl  propylmalonate,  CH3-CH2'CH2TH(COOC2H5)2,  hydrolysed 
with  boiling  alcoholic  potash.  The  propylmalonic  acid  obtained 


ALKYL  COMPOUNDS  OF  NITROGEN,  PHOSPHORUS,  ETC.  199 

(from  the  potassium  salt  is  heated  at  about  200"  or  distilled,  when 
iiit  decomposes  into  normal  valeric  acid  and  carbon  dioxide, 

CHa-CH,-CH3-CH(COOH)2  = CH3-CH.j-CH,-('I1,-CUOH  + CO.. 


CHAPTER  XII. 

ALKYL  COMPOUNDS  OF  NITROGEN,  PHOSPHORUS,  ARSENIC, 
SILICON,  ZINC,  MERCURY,  AND  OTHER  ELEMENTS. 

Amines. 

Many  ot’  the  compounds  described  in  the  preceding  pages 
nay  be  conveniently  considered  as  having  been  derived  from 
.he  hydrogen  compounds  of  certain  non-metals ; the  alcohols 
and  ethers,  for  example,  may  be  regarded  as  derivatives  of 
water,  the  mercaptans  and  sulphides  as  derivatives  of  stil- 
>hu retted  hydrogen, 

h.oh  c.,h5-oh  c.,h5-o.c.,h5 

H-S-H  cJh6-SH  cJh5-S-C.X- 

:n  a similar  manner  the  hydrides  of  many  other  elements  may 
>e  directly  or  indirectly  converted  into  organic  compounds  by 
ho  substitution  of  one  or  more  alkyl  groups  for  an  equivalent 
uantity  of  hydrogen  ; from  ammonia,  for  example,  a very 
nportant  class  of  strongly  basic  substances,  termed  amines, 
uiy  be  obtained,  these  compounds  being  classed  as  primary, 
ecomlary , or  tertiary  amines,  according  as  1,  2,  or  9 atoms  of 
ydrogen  in  ammonia  have  been  displaced  by  alkyl  groups. 

Primary.  Secondary. 

Methyhunine,  Dimethylamine,  NH(CH:j)., 

Ethylamine,  XH.,-C.,H5  Diethylamine,  NH(C„H;i)., 

Propylamine,  NH2-C:iH7  Dipropylamine,  NH(C3H7)., 

Tertian/. 

Trimethylamine,  N(CH.!).i 
Triethylamine,  N(C.,IIfl)3 
Tri propylamine,  N(C.,H7) ,. 

he  methods  of  formation  and  general  character  of  the  amines 
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will,  perhaps,  be  best  understood  from  a description  of  the 
ethyl  compounds. 

Ethylamine,  NHyC.,1  I5,  was  first  obtained  by  Wiirtz,  by 
distilling  ethyl  isocyanate  (p.  287),  with  potash,  the  change 
being  analogous  to  that  which  occurs  in  the  case  of  hydrogen 
isocyanate  (p.  286), 

CO:N-C.,H5  + 2KOH  = NH,-C,H5  + Iv,C03 
CO:NH  + 2KOH  = XH.t  +'kJC03. 

It  is  formed  when  methyl  cyanide  (acetonitrile)  is  treated 
with  nascent  hydrogen,  generated  from  zinc  and  sulphuric 
acid  (Mendius’  reaction),  op  from  alcohol  and  sodium, 

CH3-CN  +’4 II  = CII3-CH,-mi,. 

It  is  also  produced  when  ethyl  chloride,  bromide,  or  iodide  is 
heated  at  about  100°  in  closed  vessels  with  alcohol  which  has 
been  saturated  with  ammonia  (Hofmann) ; the  halogen  acid 
produced  during  the  interaction  combines  with  the  amine, 
forming  a salt, 

C2H5I  + Nil,  = NH2-C2H5,  III. 

Ethylamine  is  prepared  by  mixing  propionamide  (1  mol.)  with 
bromine  (1  mol.),  and  then  adding  a 10  per  cent,  solution  of 
potash  until  the  colour  of  the  bromine  disappears  : the  solution 
of  the  bromamide  which  is  thus  produced, 

C2H6-CO-NH2  + Br2  + KOH  = C2H5-CO-NHBr  + K Br  + H,0, 

is  now  gently  warmed  with  excess  of  potash,  when  the  brom- 
amide is  converted  into  ethylamine, 

C2H6CO-HHBr  + 3K()H  = C2H5-NH2  + KBr  + K2C03  + H20. 

In  the  conversion  of  propionamide  into  ethylamine  one  atom  of 
carbon  and  one  atom  of  oxygen  are  taken  away,  and  a derivative  of 
propionic  acid  is  converted  into  what  may  be  regarded  as  a deriva- 
tive of  acetic  acid,  since  ethylamine  is  readily  converted  into  ethyl 
alcohol  and  the  latter  into  acetic  acid  ; it  is  possible,  therefore,  to 
transform  propionic  into  acetic  acid, 

CH3-OH2.COOH  CH3-CH2.CO-NHa  CH.  CH.-NH.,  CH;t  CHo-OH 

Propionic  Acid.  Propionamide.  Ethylamine.  Ethyl  Alcohol. 

CHj-COOH. 

Acetic  Acid. 
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As,  moreover,  the  amides  of  oilier  fatty  acids  behave  in  this  respect 
like  propionamide,  it  is  clear  that  a given  fatty  acid  may  he  con- 
\ verted  into  the  next  lower  homologue,  and  so  on  down  the  series. 

Conversely,  a given  fatty  acid  may  he  transformed  into  the  next 
higher  homologue  in  the  following  manner : The  calcium  salt  of 
ttlie  acid  is  distilled  with  calcium  formate  and  the  resulting  aldehyde 
(■converted  into  the  corresponding  alcohol  by  reduction  ; the  alcohol 
is  then  transformed  into  the  chloride,  the  latter  treated  with  potas- 
'sium  cyanide,  and  the  resulting  cyanide  hydrolysed  with  alkalies  or 
mineral  acids, 

(CHj-COOH  CH3.CHO  CH3.CH.yOH  CHj.CH.jCI  CH3.CH.CN 

. Acetic  Acid.  Acetaldehyde.  Ethyl  Alcohol.  Ethyl  Chloride.  Ethyl  Cyanide. 

CH3.CH3.COOH. 

Propionic  Acid. 


IThe  cyanide  may  he  converted  into  the  acid  in  another  way  ; it  is 

idrst  reduced  with  sodium  and  alcohol,  yielding  an  amine,  from  which 
lie  fatty  acid  is  obtained  in  the  manner  already  stated. 

Primary  amines  may  also  he  obtained  by  reducing  the  nitro- 
I oarattins, 


CH3.N03  + 6H  = CH3NH3  + 2HO, 

nd  by  heating  the  alkyl  nitrates  with  alcoholic  ammonia, 

C3H  O.NO.,  + NHa  = CjHyNH,  HNO3. 

Etliylamine  is  a colourless,  mobile,  inflammable  liquid  of  sp. 
r.  0-689  at  15°,  and  boils  at  18-7";  it  is  soluble  in  water  in 
1 11  proportions,  and  the  solution,  like  the  liquid  itself,  has  a 
jungent,  slightly  fish-like  odour,  distinguishable  from  that  of 
i|  nmonia  only  with  difficulty.  An  aqueous  solution  of  ethyl- 
1 nine  might,  in  fact,  be  easily  mistaken  for  a solution  of 
a nmonia,  so  closely  do  they  resemble  one  another  in  properties; 

ie  former,  like  the  latter,  has  a strongly  alkaline  reaction,  and 
ij  ves,  especially  on  warming,  a pungent-smelling  gas,  which 
mes  when  brought  into  proximity  with  concentrated  hydro- 
loric  acid.  It  precipitates  metallic  hydroxides  from  solutions 
their  salts,  and  neutralises  even  the  most  powerful  acids, 
i|  -ming  salts,  which  are  readily  soluble  in  water.  Etliyl- 
I tine,  therefore,  is  an  organic  bane,  and  its  basic  properties 
l 1 even  more  pronounced  than  those  of  ammonia,  since  it 
erates  ammonia  from  ammonium  salts;  the  salts  of  ethyl- 
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amine  are,  however,  decomposed  by  the  hydroxides  and  car- 
bonates of  sodium  and  potassium.  In  spite  of  the  fact  that 
ethylamine  is  so  readily  soluble  in  water,  it  separates  from  the 
solutions  as  an  oil  on  the  addition  of  a large  quantity  of  solid 
potash  or  potassium  carbonate ; it  is  very  hygroscopic,  and 
readily  absorbs  carbon  dioxide  from  the  air,  forming  with  it  a 
salt.  * 

Although,  speaking  generally,  ethylamine  is  very  stable,  it 
is  rapidly  converted  into  ethyl  alcohol  on  treatment  with 
nitrous  acid  in  aqueous  solution,  nitrogen  being  liberated, 

C,H5-NH,  + HO-NO  = CoHj-OH  + H20  + X2; 

this  reaction  is  exactly  analogous  to  that  which  occurs  when 
ammonia  and  nitrous  acid  (ammonium  nitrite)  are  heated 
together, 

NII4XO,  or  Nil,  + EO-NO  = 2H-OH  + N,. 

Ethylamine  is  also  quickly  changed  when  it  is  warmed  with 
chloroform  and  alcoholic  potash.  The  intensely  disagreeable 
smell  of  the  product  (ethylearbylamine,  compare  p.  285)  is  at 
once  recognisable,  and  affords  a sure  indication  of  the  presence 
of  a primary  amine  (Hofmann’s  carbylamine  reaction), 

C,H5-NH,  + CHCly  + 3KOH  = C2H5-NC  + 3KC1  + 3H,0. 

The  two  reactions  just  mentioned  are  characteristic  of  all 
primary  amines,  and  are  of  considerable  practical  importance ; 
the  first  is  employed  for  the  conversion  of  the  primary 
amines  into  hydroxy-compounds,  the  second  for  their 
detection. 

Ethylamine  is  a monacid  base,  and,  like  ammonia,  forms  salts 
by  direct  combination,  in  virtue  of  the  possible  pentavalency 
of  the  nitrogen  atom  ; these  salts  are  all  soluble  in  water,  and 
some  of  them,  like  those  of  ammonia,  readily  sublime,  even 
at  ordinary  temperatures ; they  usually  differ  from  ammonium 
salts  in  being  soluble  in  alcohol,  a property  which  is  fre- 
quently made  use  of  in  isolating  the  amine. 

\H*('  H- 

* Probably  not  a carbonate,  but  a carbamate  (p.  291),  CO^qH,  cIh^-NHs. 

r 
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Elhylamine  hydrochloride , CAP,-  X 1 PCI,  or  I I-N  1 I,,  1 1 Cl, 

as  usually  written,  crystallises  in  large  plates,  melts  at  about 
80°,  and  is  deliquescent.  The  sulphate,  2C,PI3-NH2,  1I,S04, 
has  similar  properties.  The  halogen  salts,  like  those  of 
ammonia,  form  double  salts  with  many  other  metallic  halogen 
salts  ; of  these  compounds  the  plaiinochlorides  and  the  aura- 
chlorides  are  the  most  important ; they  correspond  with  the 
ammonium  double  salts  of  similar  composition, 

Ethylamine  platinochloride,  (C0H5-NH„)„,  H,PtGlfi 
Ammonium  platinochloride,  (XH.j).„  H.,PtCl(. 

Ethylamine  aurocldoride,  C„H.-X1I.„  HAuC14 

Ammonium  aurocldoride,  All,,  ITAuCl.r 

These  organic  platinum  and  gold  salts  are  usually  yellow, 
orange,  or  red,  and  are  generally  much  more  sparingly  soluble 
in  water  than  the  simple  salts;  for  the  latter  reason  they  are 
very  serviceable  in  detecting  and  isolating  the  amines  ; on 
ignition  they  give  a residue  of  pure  metal. 

Diethylamine,  A 1 1(( ' .,H.),,  is  formed  when  ethyl  iodide 
is  heated  with  alcoholic  ammonia,  just  as  described  in  the 
'case  of  ethylamine;  one  molecule  of  the  hydrogen  iodide 
produced  combines  with  the  base  to  form  a salt,  the  other 
uniting  with  the  excess  of  ammonia, 

2C,H5I  + NPI.j  = NH(C,H5),,  HI  + HI. 

Diethylamine  is  a colourless,  inflammable  liquid,  boiling  at 
56°;  it  is  a stronger  base  than  ethylamine,  which  it  resembles 
'very  closely  in  smell,  solubility,  Ac.,  and  also  in  forming 
■simple  and  double  salts.  It  is  readily  distinguished  from 
ethylamine  inasmuch  as  it  does  not  give  the  carbylaminc 
reaction ; its  behaviour  with  nitrous  acid  is  also  totally 
different  from  that  of  ethylamine,  since,  instead  of  being  con- 
verted into  an  alcohol,  it  yields  ethyluil rosainiue, 

(C,H5),NH  + HO  NO  = (C,H.),N-NO  + 11,0. 

All  secondary  amines  behave  in  this  way;  that  is  to  say,  on 
treatment  with  nitrous  acid,  they  are  converted  into  nitron- 
amines  by  the  substitution  of  the  monovalent  nitroso-group 
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— 4Sr( ) for  the  atom  of  hydrogen  which  is  directly  united  with 
nitrogen. 

When  a nitrosamine  is  mixed  with  phenol  (part  ii.)  and  concen- 
trated sulphuric  acid,  it  gives  a dark-green  solution  which,  after 
diluting  with  water,  becomes  red,  and  on  adding  excess  of  alkali, 
assumes  a beautiful  and  intense  blue  or  green  colour;  this  reaction 
(Liebermann’s,  or  the  nitroso-reaction)  affords  a means,  not  only 
of  detecting  a nitrosamine,  but  also  a secondary  amine,  as  the 
latter  is  convertible  into  the  former. 

Diethylamine  hydrochloride , (C2H5)2NH,  HC1,  is  colourless,  and 
readily  soluble  in  water  ; its  platinochloride,  [(C2H5)2NH]2,  H2PtCl6, 
and  aurochloride,  (C2H,)2NH,  HAuC14,  are  orange,  and  less  readily 
soluble. 

Triethylamine,  N(C2H6)3,  like  the  primary  and  secondary 
amines,  is  produced  when  ethyl  iodide  is  heated  with  alcoholic 
ammonia, 

3C2H5I  + = N(C2H5)a,  HI  + 2HI. 

It  is  a pleasant-smelling  liquid,  boiling  at  89°,  and  except 
that  it  is  more  sparingly  soluble  in  water,  and  is  a stronger 
base  even  than  diethylamine,  it  resembles  tbe  primary  and 
secondary  compounds  in  most  ordinary  properties.  It  does 
not  give  the  carbylamine  reaction,  and  is  not  acted  on  by 
nitrous  acid  at  ordinary  temperatures,  so  that  it  is  readily 
distinguished  from  the  primary  and  secondary  amines ; other 
tertiary  amines  resemble  triethylamine  in  these  respects.  The 
salts  of  triethylamine  correspond  with  those  of  the  other 
bases. 

Triethylamine,  and  other  tertiary  amines,  combine  directly 
with  one  molecule  of  the  alkyl  halogen  compounds,  yielding 
salts  corresponding  with  those  of  ammonia, 

N(C.,H5)3  + C2H5I  - N(C,H5)4I ; NHS  + III  - NH4I. 

These  salts  are  more  stable  than  those  of  the  amines,  and 
are  either  not  acted  on,  or  only  very  slowly  attacked  by 
potash  or  soda,  even  on  boiling;  when,  however,  their 
aqueous  solutions  are  shaken  with  freshly  precipitated  silver 
oxide  (which  acts  like  a hydroxide),  double  decomposition 


ALKYL  COMPOUNDS  OF  NITROGEN,  PHOSPHORUS,  ETC.  205 


rresults,  and  hydroxy-compounds,  corresponding  with  ammon- 
iiium  hydroxide,  are  formed, 

N(C2H5)4I  + Ag.OH  = X(C.,H5)4.OH  + Agl 
All,  I + Ag.OH  = NH4-OH  + Agl. 

The  hydroxides  obtained  in  this  way  arc  termed  quaternary 
ammonium  bunas,  or  tetralkylammonium  hydroxides  ; although, 
in  constitution,  they  are  similar  to  ammonium  hydroxide, 
[they  differ  from  the  latter  in  several  important  respects,  and 
tcesemble  rather  the  hydroxides  of  sodium  and  potassium. 

Tetrethylammonium  hydroxide,  N(C.,Hs)4-OH,  for  ex- 
ample, is  a crystalline,  deliquescent  substance,  and  has  only  a 
hint  smell,  like  that  of  potash  ; it  has  a powerful  alkaline 
■eaction,  absorbs  carbon  dioxide  from  the  air,  and  is  a stronger 
oase  even  than  potash  or  soda ; when  strongly  heated,  it  is 
■esolved  into  triethylamine  and  ethyl  alcohol,  or  its  decompo- 
sition products, 

A(C2H5)4-OH  = N(C2H5)3  + C,1I4 + H,G. 

The  salts  of  tetrethylammonium  hydroxide,  such  as  the 
iodide  (see  above),  may  also  be  obtained  by  treating  the 
aydroxide  with  acids;  they  are  mostly  crystalline. 

The  tetralkylammonium  halogen  salts  undergo  decom- 
position or  dissociation  on  dry  distillation,  yielding  a tertiary 
iunine  and  an  alkyl  halogen  salt,  just  as  ammonium  chloride 
s resolved  into  ammonia  and  hydrogen  chloride, 

A(C2H,)4(  T = N(CaHs),  + C.2H5C1  AH4C1  = NH„  + HC1. 

■ 'Jnder  ordinary  circumstances  the  halogen  ethereal  salt, 

I leing  much  more  volatile  than  the  tertiary  amine,  can  be 
! eparated  from  the  latter  before  re-combination  takes  place. 

In  a similar  manner  the  halogen  salts  of  some  tertiary 
mines  may  be  converted  into  secondary,  and  those  of 
i econdary  into  primary,  amines, 

N(GH3)3,  HC1  = N(CH.,)SH  + CH.jCl 

n(ch3).2h,  hci  = N(ciyn,  + ci i, ci. 

Separation  of  Amines.  — Three  of  the  general  methods  for  the 


206  ALKYL  COMPOUNDS  OP  NITROGEN,  PHOSPHORUS,  ETC. 


preparation  of  amines- -namely,  the  decomposition  of  alkyl  iso- 
cyanates, the  reduction  of  nitriles,  and  the  decomposition  of  amides 
of  the  fatty  acids  with  bromine  and  potash,  give  the  primary  com- 
pounds only;  when,  however,  an  alkyl  halogen  compound  is  heated 
with  alcoholic  ammonia,  not  only  are  primary,  secondary,  and 
tertiary  amines  all  produced  at  the  same  time,  but  the  tertiary 
amine  combines  with  the  alkyl  halogen  compound  to  form  a 
quaternary  ammonium  derivative  ; the  product  consists,  therefore, 
of  a mixture  of  four  organic  salts,  and  contains  also  ammonium 
salts.  In  order  to  separate  and  isolate  the  several  compounds,  the 
mixture  is  first  evaporated  to  expel  ammonia,  alcohol,  and  any 
unchanged  alkyl  salt,  and  then  distilled  with  excess  of  potash : 
the  primary,  secondary,  and  tertiary  amines,  which,  together  with 
ammonia,  are  thus  liberated  from  their  salts,  collect  in  the  receiver, 
and  may  be  absorbed  with  hydrochloric  acid,  whilst  the  residue 
contains  the  stable  salt  of  the  tetralkyl ammonium  base ; the  latter 
may  usually  be  isolated  by  neutralising  the  solution  with  hydro- 
chloric acid,  evaporating  to  dryness,  and  extracting  the  powdered 
residue  with  alcohol. 

The  acid  solution  of  the  three  amine  salts  is  evaporated  almost  to 
dryness  and  treated  with  solid  potash,  when  a mixture  of  the  bases 
rises  to  the  surface  as  an  oil  and  is  separated  with  the  aid  of 
a funnel  ; the  oil  is  dried  bv  distilling  it  with  lumps  of  potash  and 
then  treated  with  ethyl  oxalate,  when,  in  the  case  of  the  ethyl 
bases,  for  example,  the  following  changes  occur  : 

The  primary  amine  is  converted  into  ethyloxamide,  a derivative 
of  oxamide  (p.  233), 


CO()C.,H, 
2NH,C2H5  + 6ooc^ 


CON  HC.,H5 
CONtHC,H5 


+ 2C.,H,-OH ; 


the  secondary  amine  gives  ethyl  diethyloxamate,  a derivative 
of  oxamic  acid  (p.  234), 


NH(C2Hb)2  + ^ 


cooc,h5 

>OCoI-L 


CO.N(C.,H5)2 

COOC..H, 


+ C.,H,-OH  ; 


the  tertiary  amine  is  not  acted  on,  and  is  easily  separated  from  the 
two  less  volatile  products  by  heating  the  mixture  as  long  as  oil 
passes  over. 

The  residue  is  allowed  to  cool,  and  the  crystalline  ethyloxamide 
separated  from  the  liquid  ethyl  diethyloxamate  by  filtration  or  by 
treatment  with  water,  in  which  the  former  alone  is  soluble : the 
two  compounds  are  then  separately  distilled  with  potash,  the  bases 
being  collected  and  isolated  as  described  in  the  case  of  the  mixture, 
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CO-NHC,",  2K0H  _ ONI!.,-!:’.!!,  + C»04K., 
CONHCoH, 


CO-N(CsH#) 

COOCoH., 


-+  2KOH  = NH(C,H5U  + CoO,K„  + CoH,-OH. 


The  three  ethylamines  and  the  tetrethylammonium  com- 
] pounds  may  be  taken  as  typical  examples  of  the  several 
classes  of  alkyl  derivatives  of  ammonia;  the  corresponding 
miethyl  bases,  and  those  of  the  higher  alkyl  radicles,  are  pre- 
pared by  methods  so  similar  to  those  described  in  the  case  of 
tthe  ethylamine  compounds,  and  have  properties  so  closely 
rresembling  those  of  the  latter,  that  a detailed  description 
would  be  of  little  value. 


M ethylamine,  NH.yCH.,  dimethyl-amine,  NH(CHa)2,  and  tri- 
\methylamine,  N(CH3):j,  are  usually  produced  in  small  quantities 
luring  the  decomposition  of  nitrogenous  organic  substances,  and 
occur  in  herring  brine,  the  last  named  especially  in  large  relative 
j proportions.  Dimethvlamine  and  triinethylamine  are  prepared  on 
! die  large  scale  by  distilling  the  waste-products  obtained  in  refining 
«ieet-sugar,  and  are  used  in  considerable  quantities  for  various 
technical  purposes;  triinethylamine  is  employed  in  the  manufac- 
' lire  of  potassium  carbonate,  and  its  hydrochloride  is  used  in  the 
j preparation  of  methyl  chloride  (p.  1 72). 

The  physical  properties  of  the  amines  undergo  a gradual  change 
vith  increasing  molecular  weight,  just  as  is  the  case  in  other  series  ; 
lie  boiling-points  of  the  four  simplest  primary  amines  may  be 
■taken  as  an  illustration  : 


Methyl  amine,  ( 'IT.-NTh 
B.p.  - 0“ 

Propylamine,  < 'JP-NIT, 


Ethylamine,  CJT  ,-NH„ 
B.p.  19° 

Butylamine,  ('4H,,-NH., 


B.p.  49°  B.p.  76°. 

'he  higher  amines,  like  the  higher  ethers,  ethereal  salts,  See.,  exist 
i \ arious  metamerie  forms  : there  are,  for  example,  three  comjiouiids 
f the  molecular  formula  C3H„N  (see  below).  The  amines,  like  the 
dies,  may  he  classed  into  xim/ile  amines,  such  as  propylamine, 
*H7-MTa,  diethvlamine,  (CbHjbNFI,  See.,  and  mixed  amines, 
ich  as  methylethylamine,  NH(CH3)-C2H„  dimelhylethylamine, 
(PH r.,H„  according  as  they  contain  alkyl  groups  of  the  same 
' of  different  kinds. 
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Identification  of  Amines. — The  most  important  methods  by 
which  a given  amine  may  be  recognised  as  a primary, 
secondary,  or  tertiary  compound  consist,  as  already  stated, 
firstly,  in  applying  the  carbylamine  reaction,  and  secondly,  in 
treating  the  compound  with  nitrous  acid.  If  a primary 
amine,  it  is  converted  by  nitrous  acid  into  a primary  alcohol 
with  evolution  of  nitrogen;  if  a secondary  base,  it  yields  a 
nitroso-compound,  the  presence  of  which  is  readily  detected 
by  Liebermann’s  reaction ; if  a tertiary  amine,  it  is  usually 
unchanged. 

The  experiment  is  made  as  follows : To  a concentrated  neutral 
solution  of  the  hydrochloride  of  the  base  a small  quantity  of  a 
solution  of  sodium  nitrite  is  added  ; evolution  of  nitrogen,  the 
separation  of  an  oily  nitrosamine  (which  is  insoluble  in  water),  or 
no  visible  change  occurs,  according  to  the  nature  of  the  base ; 
further  tests,  which  readily  suggest  themselves,  are  then  made  to 
confirm  the  results  of  the  experiment. 

As  methylamine  is  a gas,  and  all  the  lower  amines  are  volatile 
liquids,  which  are  very  difficult  to  characterise  by  ordinary  tests, 
the  nature  of  a given  amine  is  usually  ascertained  by  preparing  and 
analysing  its  platinochloride  or  aurochloride  ; the  percentage  of 
metal  in  the  salt,  together  with  the  behaviour  of  the  base  with 
nitrous  acid,  afford  evidence  sufficient,  in  most  cases,  to  determine 
the  identity  of  the  compound. 

Example. — A base  produced  by  the  destructive  distillation  of  the 
molasses  obtained  in  the  preparation  of  beet-sugar  gave  a platino- 
chloride, which,  on  analysis,  was  found  to  contain  87-2  per  cent, 
of  platinum;  the  probable  molecular  weight  of  the  base  is  there- 
fore 59  (see  p.  40),  so  that  it  maybe  propylamine  or  isopropylamine, 
C..H--NH.J,  methylethylamine,  CH.,(C2H6)NH,  or  trimethylamine, 
(CH.,t.,N.  On  treatment  with  nitrous  acid,  it  is  found  to  be  a 
tertiary  amine  ; it  is,  therefore,  trimethylamine. 

Phosphines. 

Since  phosphorus  and  nitrogen  belong  to  the  same  natural 
group  of  elements,  it  might  be  expected  that  phosphoretted 
hydrogen,  PIT.,,  like  ammonia,  would  be  capable  of  yielding 
substitution  products  analogous  to  the  amines.  As  a matter 
of  fact,  the  phosphines,  or  alkyl  substitution  products  of  phos- 
phorus trihydride,  are  readily  obtained  by  heating  the  a lk}  1 
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Modifies  with  phosphonium  iodide  in  presence  of  zinc  oxide, 
lln  the  case  of  ethyl  iodide,  for  example,  salts  of  ethylphos- 
phine  and  diethyl. phosphine , corresponding  with  those  of  the 
primary  and  secondary  amines  respectively,  are  formed, 

22P II4I  + 2C2H6I  + ZnO  = 2[PII2.C2HS,  HI]  + Znl2  + HaO 
PH4L  + 2C2H5I  + ZnO  = PH(C2H5)2,  HI  + Znf,  + H,(j. 

IITertiary  phosphines,  such  as  triethylphosphine,  are  not  pro- 
jlluced  under  the  above  conditions,  but  maybe  prepared  by 
Jneating  the  alkyl  iodides  with  phosphonium  iodide  alone; 
(Jus  in  the  case  of  the  corresponding  amines,  the  tertiary  phos- 
| ihines  combine  with  alkyl  iodides,  forming  salts  of  quaternary 
>ases,  such  as  tetrethylphosphoniuin  iodide,  so  that  the  pro- 
duct is  a mixture  of  two  organic  compounds, 

PHJ  + 3CUI-I  = P(C,lL):j,  HI  + 3HI 

p(C2h5),  +"cjr,i  = p“(c2h6)4i. 

U With  the  exception  of  methyl  phosphine,  PH./CII.,,  which  is  a 
ias,  the  primary,  secondary,  and  tertiary  phosphines  are 
olourless,  volatile,  highly  refractive,  very  unpleasant-smelling 
quids;  they  differ  from  the  amines  in  smell,  in  being,  as  a 

I do,  insoluble,  or  only  sparingly  soluble,  in  water  (PH3,  un- 
ike A' II.,,  is  only  sparingly  soluble),  and  in  readily  undergoing 
ccidation  on  exposure  to  the  air  ; in  many  cases,  so  much 
eat  is  developed  during  this  process,  that  the  compound  takes 
ire — that  is  to  say,  many  of  the  phosphines  are  spontaneously 
■flammable.  When  tertiary  phosphines  undergo  slow  oxida- 
on  in  presence  of  air,  they  are  converted  into  stable  oxides, 
inch  as  triethylphosphine  oxide,  P(C.,H, 

Although  phosphorettod  hydrogen  is  only  a feeble  base 
m pared  with  ammonia,  and  forms  salts,  such  as  phosphonium 
Hide,  PH4I,  which  are  decomposed  even  by  water,  each  suc- 
-ssive  substitution  of  an  alkyl  grouji  for  an  atom  of  hydrogen 
accompanied  by  an  increase  in  basic  properties,  just  as  in 
e case  of  the  amines.  Salts  of  the  primary  phosphines, 
ch  as  ethyl  phosphine  liydriodide,  PH0-C„11.,  HI,  are  almost, 
not  quite,  as  unstable,  as  those  of  hydrogen  phosphide,  and 

N 
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are  decomposed  into  acid  and  base  on  treatment  with  water; 
they  may  thus  he  separated  from  the  more  stable  salts  of  the 
secondary  and  tertiary  phosphines,  such  as  diethylphosphine 
hydr  iodide,  PH(C2H5)2,  HI,  and  triethylphosphive  iiy  dr  iodide, 
P(C21I5)8,  HI,  which  are  not  acted  on  by  water  as  a rule,  but 
are  readily  decomposed  by  potash  and  soda.  Salts  of  the 
tetralkylphosphonium  compounds,  such  as  tetrethylplws- 
phonium  iodide,  P(C2H6)4I,  are  not  acted  on  by  water  or  by 
alkalies,  but,  on  treatment  with  moist  silver  oxide,  they  are 
converted  into  quaternary  pi losqd ionium  hydroxides, 

P(C2H6)4I  + Ag-OH  = P(C2H5)4-OH  + Agl. 

These  compounds  have  a strong  alkaline  reaction,  readily 
absorb  carbon  dioxide,  and  dissolve  freely  in  water ; they  are, 
in  fact,  similar  in  properties  to  the  hydroxides  of  the  fixed 
alkalies,  and  their  salts  are  much  more  stable  than  the  phos- 
phine salts,  just  as  those  of  the  corresponding  tetralkyl- 
ammonium  bases  are  more  stable  than  those  of  ammonia. 


Arsines. 


Arsenic,  antimony,  and  bismuth,  although  belonging  to  the 
same  natural  group  as  nitrogen  and  phosphorus,  differ  from 
these  two  elements  in  many  important  particulars ; although 
the  two  former  give  hydrides,  the  hydrogen  atoms  in 
which  may  be  (indirectly)  displaced  by  alkyl  groups,  substitu- 
tion products  corresponding  with  the  primary  and  secondary 
amines  and  phosphines  have  not  yet  been  prepared  ; in  other 
words,  the  only  known  alkyl  compounds  theoretically  derived 
from  the  trihydrides  of  arsenic,  antimony,  and  bismuth  corre- 
spond with  the  tertiary  amines  and  phosphines,  and  have 
the  composition  AsR3,  SbR;j,  and  BiR3  respectively. 

The  tertiary  arsines  are  obtained  by  treating  arsenious 
chloride  with  the  zinc  alkyl  compounds  (p.  215),  or  by  heat- 
ing the  alkyl  iodides  with  sodium  arsenide, 

2AsC13  + 3Zn(C,Hs)2  = 2As(C,H5),  + 3ZnCl, 


AsN 


a.. 


+ 3CH:iI 


As(CH3):,  + 3NaI. 
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Triethylarsine,  As(C0H5)3,  may  be  described  as  a typical 
narsine.  It  is  a colourless,  very  unpleasant-smelling,  highly 
i poisonous  liquid,  and  is  only  sparingly  soluble  in  water;  it 
flumes  in  the  air,  and  takes  fire  when  heated,  but  does  not 
i ignite  spontaneously.  It  differs  from  the  amines  and  phos- 
iphines  in  being  a neutral  compound,  and,  like  arseniuretted 
(hydrogen,  it  does  not  form  salts  with  acids ; it  resembles  the 
ttertiary  amines  and  phosphines  in  combining  readily  with 
alkyl  iodides,  forming  salts  of  quaternary  arsonium  hydroxide#, 

iAs(C,iy;1  + CaH,L  = As(C„H,)4I. 

Tetrethylarsonium  iodide,  As(C., I h)4I,  for  example,  is  a 
crystalline  substance,  and,  like  other  quaternary  organic  salts, 
t is  not  decomposed  by  potash,  although  it  interacts  with 
silver  hydroxide,  giving  tetrethylarsonium  hydroxide, 

As(C,H5)4I  + Ag-OH  = As(C,H5)4-OH  + Agl. 

This  substance  has  a strong  alkaline  reaction,  and  neutral- 

I-ses  even  the  most  powerful  acids  ; here,  again,  as  in  the 
■ase  of  nitrogen  and  phosphorus,  the  basic  character 
ncreases  with  the  number  of  alkyl  groups  in  the  molecule. 

The  tertiary  arsines  resemble  the  tertiary  phosphines  in 
eadily  undergoing  oxidation  on  exposure  to  the  air,  forming 
oxides  such  as  triethylarsine.  oxide,  As(C„H.-).jO. 

The  tertiary  stihme s,  the  organic  derivatives  of  antimony, 
rre  on  the  whole  similar  to  those  of  arsenic,  but  have 
j ot  been  so  carefully  investigated  ; the  tertiary  bismuth 
ompounds,  such  as  Bi(CH;j):j,  cannot  be  converted  into 
uaternury  hydroxides,  corresponding  with  those  of  arsenic 
aid  antimony,  and  owing  to  the  more  pronounced  metallic 
! haracter  of  bismuth,  its  compounds  resemble  rather  those  of 
le  metals  zinc,  mercury,  &c.  (p.  211). 

Derivatives  of  the  Amines. — Tertiary  arsines  combine  directly 
ith  two  atoms  of  a halogen,  forming  compounds,  such  as 
■iethylarsine  dicldoride,  As(C.,TTri).tCl.„  in  which  the  arsenic 
10m  is  pentavnlent ; these  substances  are  decomposed  on 
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heating,  yielding  an  alkyl  halogen  compound  and  a halogen 
derivative  of  a secondary  arsine, 

As(C,H5)3Cl,  = As(C2H5),C1  + C2H5CL 

Although,  then,  the  secondary  arsines  are  unknown,  their 
halogen  derivatives  can  be  prepared  ; so,  also,  can  those  of 
primary  arsines,  since,  when  the  derivatives  of  the  secondary 
compounds  are  treated  with  halogens,  direct  union  takes 
place, 

As(C2H5)2C1  + Cl,  = As(C,H5),C13, 

and  the  products,  on  heating,  are  decomposed  into  dihalogen 
derivatives  of  primary  arsines, 

As(C2H6)2C13  = As(C,H,)Cl,  + C,H5C1. 

The  derivatives  of  dimethylarsine  are  of  considerable 
interest,  and  have  been  very  carefully  investigated  by  Bunsen. 


Dimethylarsine  oxide,  or  cacodyl  oxide, 

is  formed  when  a mixture  of  equal  parts  of  arsenic  trioxide 
and  potassium  acetate  is  submitted  to  dry  distillation ; during 
the  operation  highly  poisonous  gases  are  evolved,  and  an  oily 
liquid  collects  in  the  receiver, 


As203  + 4CH.J-COOK  = As,(CH3)40  + 2K,C03  + 2CO,. 

This  liquid  has  an  intensely  obnoxious  smell,*  and  is 
excessively  poisonous,  for  which  reasons  its  preparation, 
except  in  minute  quantities,  should  not  be  attempted ; its 
formation  may,  however,  be  used  as  a test  for  acetates  if  due 
care  be  taken,  as  the  substance  is  readily  recognisable  by 
its  smell. 

Cacodyl  oxide  boils  at  150°,  and  is  insoluble  in  water;  the 
substance  prepared  in  the  above-mentioned  manner  is 
spontaneously  inflammable  owing  to  the  presence  of  cacodyl, 
but  the  pure  compound  is  not.  In  chemical  properties 
cacodyl  oxide  resembles  the  feebly  basic  metallic  oxides  ; it 
has  a neutral  reaction,  but  interacts  readily  with  acids, 


* The  name  cacodyl  is  derived  from  the  Greek  ko.ki1>5 77s,  ‘ stinking. 
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(forming  salts,  such  as  cacodyl  chloride  and  cacodyl  cyanide, 
.As(CH3)2-CN, 

+ 2ELC1  - 2As(CH3)2C1  + H20. 

’When  cacodyl  chloride  is  heated  with  zinc  in  an  atmo- 
sphere of  carbon  dioxide,  it  yields  cacodyl  or  diarsenic  tetra- 
mnethyl,  a change  which  is  analogous  to  the  formation  of 
ethane  from  methyl  iodide, 

2As(CH3)2C1  + Zn  = As(CH:j).)  - As(CH.;),  + ZnCl., 
2CH.J  + 2Na  = CH3'-GH3  + 2Nal. 

’acodyl,  like  the  oxide,  is  a colourless,  excessively  poison- 
ous liquid,  and  has  an  intensely  disagreeable  smell  ; it  takes 
lire  on  exposure  to  the  air. 

ICacodylic  acid,  (GH:!bAsO-OH,  is  formed  when  cacodyl  oxide  is 
'ixidised  with  mercuric  oxide, 

As(Ch  !)!^°  + 2HS°  + H2°  = 2(CH,bAsO-OH  + 2Hg  ; 

tt  is  a crystalline,  odourless  substance,  and  seems  to  be  non- 
I'oLsonous. 

Oryanic  Silicon  Compounds. 

The  organic  compounds  of  silicon  are  of  exceptional  interest, 

Iecause  their  study  exhibits  in  a very  strong  light  the  close 
jlationship  between  silicon  and  carbon.  Just  as  the 
laraffins  may  be  considered  as  derived  from  the  hydride, 
<iethane,  CH(,  by  the  substitution  of  alkyl  groups  for 
ydrogen,  so  may  the  simplest  silicon  compounds  be  regarded 
i derivatives  of  silicon  hydride,  Sill.,.  Up  to  the  present, 
owever,  only  those  compounds  containing  four  alkyl 
xlicles  have  been  prepared,  as,  for  example,  silicon  tetra- 
ethyl, Si(CII:!)4,  corresponding  with  carbon  tetramethyl  or 
trametbylmethane,  G(( Jf,),  ; substances  such  as  SiH(CM3)3, 
1H2(CH3)2,  &c.,  which  would  be  analogous  to  the  hydro- 
rbons  CH(GH3)3,  G IT2(C1T.,)0,  Ac.,  are  not  known. 

Silicon  tetramethyl,  Si(CH,)4,  is  produced  when  silicon 
trachloride  is  heated  with  zinc  methyl, 

Si014  + 2Zn(C  1 1 ,)2  = Si(CH  )4  + 2ZnCla. 
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It  is  a colourless,  mobile,  volatile  liquid,  boiling  at  30°,  and 
lias  properties  very  similar  to  those  of  tetramethylmethane. 

Silicon  tetrethyl,  Si(C2H5)4,  may  be  obtained  from  silicon 
tetrachloride  and  zinc  ethyl  in  a similar  manner,  and  closely 
resembles  the  normal  paraffin,  nonane,  C9H„0,  in  properties.  It 
may,  in  fact,  be  regarded  as  derived  from  the  as  yet  unknown 
isomeride  of  nonane,  tetrethylmethane,  C(C.,lIa)4,  by  the  sub- 
stitution of  one  atom  of  silicon  for  one  atom  of  carbon.;  for 
this  reason  it  is  sometimes  named  silicononane. 


The  great  similarity  between  silicononane  and  nonane  is  strik- 
ingly shown  by  the  following  facts  : Silicononane,  like  nonane,  is 
a colourless  liquid,  insoluble  in,  and  specifically  lighter  than  water  ; 
like  nonane,  it  is  a very  stable  substance,  and  is  not  acted  on  by 
nitric  acid  or  caustic  alkalies.  On  treatment  with  chlorine  it 
behaves  like  a paraffin,  and  yields  the  substitution  product  silico- 
nonyl  chloride,  Si(C2H,)3-C2H4Cl,  a colourless  liquid,  boiling  at  185° ; 
this  chloride  closely  resembles  the  alkyl  chlorides  in  properties, 
and,  like  the  latter,  interacts  with  silver  acetate,  giving  silicononyl 
acetate. 


Si(C,H5VC,.H4Cl  + CsII302Ag  = Si(C2H5)3-C2H4-C2H:iO.,  + AgCl. 

This  ethereal  salt  is  readily  hydrolysed  by  alkalies,  yielding 
silicononyl  alcohol,  just  as  ethyl  acetate  gives  ethyl  alcohol, 

Si(C2H6)s-C2H4-C2H302  + KOH  = Si(C2Hs)3-CsH4-OH  + C2H302K; 


this  alcohol,  again,  is  a colourless,  neutral  liquid,  boiling  at  190°, 
analogous  in  most  respects  to  the.  higher  alcohols  of  the  general 
formula  C)1H2n  + 1-0H. 

Organic  silicon  compounds,  such  as  Si2(C2H8)6,  corresponding  with 
Si2Cl6,  are  known,  but  are  of  less  importance. 


Organo- Metallic  Compounds. 

Many  of  the  metals,  such  as  mercury,  zinc,  tin,  and  lead, 
form  compounds  with  alkyl  groups,  although  their  hydrides 
arc  unknown.  These  alkyl  compounds  are  named  ‘organo- 
metallic  ’ compounds,  but  there  is  no  sharp  division  between 
them  and  the  alkyl  compounds  of  other  elements,  just  as 
there  is  none  between  the  metals  and  non-metals.  If,  in  fact, 
the  alkyl  compounds  of  elements  belonging  to  the  same 
natural  group  be  considered,  it  will  be  evident  that  the}'  sho" 
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ia  (jrcvlual  change  in  properties,  just  as  do  the  elements  them- 
selves, and  pass  into  organo-metallic  compounds  without  any 
labrupt  transition.  Tlie  compounds  of  the  elements  of  the 
(■fourth  group,  for  example,  such  as 

c(crr3)4  si(Ci-r,)4  Sn(CHs)4  pi>(ch3)4, 

mil  ay  be  divided  into  two  fairly  distinct  classes;  but  in  the 
case  of  those  of  the  elements  of  the  fifth  group, 

^(CH3)3  P(CHs)3  As(CH3)3  Sb(CH:i):i  Bi(CH3)3, 

I it  is  practically  impossible  to  say  which  of  them,  if  any, 
should  he  classed  as  organo-metallic  compounds. 

The  zinc  alkyl  compounds  are  perhaps  of  the  greatest 
importance,  on  account  of  their  frequent  employment  in  the 
synthesis  of  other  organic  substances,  of  which  many  examples 
have  already  been  given  ; their  properties,  moreover,  are  in 
many  respects  typical  of  those  of  other  organo-metallic 
compounds. 

Zinc  ethyl,  Zn(C„H5).„  is  formed  when  ethyl  bromide  or 
odide  is  digested  with  an  alloy  of  sodium  and  zinc, 

ZnNa,  + 2CJP1  = Zn(C2H5),  + 2NaI. 

I t is  usually  prepared  by  heating  zinc  with  ethyl  iodide  in 
m atmosphere  of  carbon  dioxide ; the  first  product  is  a 
mlourless,  solid  substance  (zinc  ethiodide),  containing  iodine, 

Zn  + C.,7  T,  I = Zn<^lrs, 

i out  on  heating  more  strongly,  a second  change  occurs,  and 
inc  ethyl  is  formed, 

2Zn^H'<  Zn(C  .1 + Znl  ,. 

Zinc  filings  (U)0  grains)  and  an  equal  weight  of  ethyl  iodide  are 
’bleed  in  a llask  connected  with  a reflux  condenser,  and  the  air  is 
oniplelely  expelled  from  the  apparatus  liy  passing  a stream  of  dry 
arlion  dioxide  through  a narrow  tube  which  runs  through  the  con- 
enser  to  the  hottom  of  the  flask.  The  condenser  is  then  quickly 
itted  with  a cork  through  which  passes  a tube,  dipping  under  nier- 
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cury,  in  order  to  prevent  access  of  air;  the  materials  and  the 
apparatus  must  be  perfectly  dry. 

The  flask  is  now  heated  on  a water-bath,  when  a rapid  evolution 
of  g.os  (butane)  takes  place,  and  the  white  intermediate  product  is 
gradually  formed  ; after  two  to  three  hours’  time  the  interaction  is 
at  an  end.  When  cold,  the  flask  is  quickly  fitted  with  a cork 
and  glass  tubes  (just  as  in  an  ordinary  wash-bottle),  and  the  smaller 
tube  is  connected  with  a condenser  ; the  flask  is  then  heated  in 
an  oil-bath,  and  the  zinc  ethyl  distilled,  a stream  of  dry  carbon 
dioxide  being  passed  through  the  longer  tube  into  the  apparatus 
during  the  whole  operation  ; the  distillate  is  collected  in  a vessel 
which  can  be  easily  sealed. 

Zinc  ethyl  is  a colourless  liquid,  and  boils  at  118°  without 
decomposition ; it  must  be  distilled  in  an  atmosphere  free 
from  oxygen,  since  it  inflames  spontaneously  on  exposure  to 
the  air,  burning  with  a luminous,  greenish  flame,  and  emitting 
clouds  of  zinc  oxide.  It  decomposes  water  with  great 
energy,  yielding  ethane  and  zinc  hydroxide, 

Zn(C2H5)2  + 2H20  = 2C2Ii6  + Zn(OH),, 

and  owing  to  its  dehydrating  action,  it  causes  painful  sores 
when  brought  into  contact  with  the  skin  ; it  is  also  decom- 
posed by  alcohol,  but  not  so  quickly  as  by  water, 


Zn(C2H6)2  + 2C,H5-OH  = 2C2H0  + Zn< 


OC2H5, 

'OCX. 


Zinc  ethyl  interacts  readily  with  all  substances  containing 
the  hydroxyl-group,  and  also  with  almost  all  halogen  com- 
pounds, whether  organic  or  inorganic,  as,  for  example,  with 
acid  chlorides  (pp  107  and  136),  alkyl  halogen  compounds 
(p.  69),  and  metallic  chlorides  ; for  these  reasons  it  is  exten- 
sively used  in  the  synthesis  of  paraffins,  ketones,  tertiary 
alcohols,  &c.,  as  well  as  in  the  preparation  of  other  organo- 
metallic  compounds. 

Zinc  methyl,  Zn(CH3)2,  resembles  zinc  ethyl  in  most 
respects,  and  is  prepared  by  heating  methyl  iodide  with  zinc, 
or,  better,  with  the  zinc-copper  couple.  It  is  a colourless 
liquid,  boiling  at  46°,  and  is  decomposed  by  water,  yielding 
methane  and  zinc  hydroxide. 
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Mercuric  ethyl,  Hg(C2H5)2,  is  formed  when  zinc  ethyl  is 
treated  with  mercuric  chloride, 

Zn(C2H5)2  + HgCls  = Hg(C2Hs)a  + ZnCl2, 

but  it  is  usually  prepared  by  shaking  ethyl  iodide  with 
sodium  amalgam, 

HgXa,  + 2C2H5I  = Hg(C2H5)2  + 2NaI. 

Mercuric  ethyl  is  a colourless,  very  heavy  liquid,  of  sp.  gr. 
2-44;  it  boils  at  159°  without  decomposition,  and  is  not 
spontaneously  inflammable  at  ordinary  temperatures,  although 
it  ignites  readily  when  strongly  heated.  It  is  much  less 
active  than  zinc  ethyl,  does  not  oxidise  on  exposure  to  the  air, 
and  is  not  decomposed  by  water,  in  which  it  is  oidy  sparingly 
: soluble  ; both  the  liquid  and  its  vapour  are  highly  poisonous, 
i On  treatment  with  halogen  acids,  mercuric  ethyl  is  converted 
i into  salts,  analogous  in  some  respects  to  the  halogen  salts  of 
I the  alkali  metals, 

Hg(C2H5)2  + lieu  HgCjyf 1 15  + c,n6. 

Mercuric  Ethochloride. 

These  salts  are  also  formed  by  the  direct  union  of  mercury 
and  alkyl  halogen  compounds  at  ordinary  temperatures, 
especially  in  sunlight, 

X./1L, 

'1 

Mercuric  Etliiodiile. 

•and  by  treating  di-alkyl  mercury  compounds  with  halogens, 

Mg(C,H5)2  + I2  = Hg<j2Ha  + c2ll.l. 

They  interact  with  moist  silver  oxide,  being  converted  into 
hydroxide’s,  just  as  sodium  iodide,  for  example,  gives  sodium 
hydroxide, 

Hg<(^H-’  + AgOH  = Hg<§Js  + Agl. 

lhe  hydroxides  thus  formed  are  thick,  caustic  liquids,  readily 
soluble  in  water;  they  have  an  alkaline  reaction,  neutralise 
rcids,  liberate  ammonia  from  its  salts,  and  precipitate  metallic 


Ig  + CSHSI  = lig 
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hydroxides  from  their  salts.  Here,  as  in  the  case  of  nitrogen, 
phosphorus,  arsenic,  &c.,  the  influence  of  alkyl  groups  in 
increasing  the  basic  character  of  an  element  is  very  pro- 
nounced ; mercuric  oxide  is  a comparatively  feeble  base. 

Of  the  other  organo-metallic  compounds  those  of  tin,  lead,  and 
aluminium  may  he  mentioned.  Tin  and  lead  form  compounds, 
such  as  Sn(C.jHs)j  and  Sn3(C.jH5)8,  Pb(C3H6)4  and  PffifC.jHdsi  in 
which  the  metal  is  tetravalent ; stannous  ethyl,  Sn(C2Hs)a,  corre- 
sponding with  stannous  chloride,  is  also  said  to  exist.  Aluminium 
appears  only  to  give  alkyl  compounds,  such  as  A1(CH3)3  and 
A1(C.jH6).„  in  which  the  metal  is  trivalent. 

The  organo-metallic  compounds  are  of  great  service  in 
determining  the  valency  of  metals,  because,  unlike  the  great 
majority  of  metallic  compounds,  most  of  them  vaporise 
without  decomposition  ; by  ascertaining  experimentally  the 
density  of  the  vapour,  the  molecular  weight  of  the  substance 
and  the  valency  of  the  metal  may  be  established. 


CHAPTER  XI  IT. 

THE  GLYCOLS  AND  THEIR  OXIDATION  PRODUCTS. 

It  may  be  assumed  as  a general  rule  that  the  changes 
which  any  particular  group  of  atoms  is  capable  of  under- 
going are  independent  of  the  nature  of  the  groups  with 
which  it  is  combined;  just  as  ethane,  CH3-CH3,  for  ex- 
ample, may  be  successively  transformed  into  ethyl  chloride, 
CH3-CH2C1,  ethyl  alcohol,  CH3-CH2-OH,  and  acetic  acid, 
CHg-CO-OH,  by  changes  in  which  only  one  of  the  methyl 
groups  takes  part,  so  also  may  it  be  converted  into  ethylene 
dichloride  (dichlorethane),  CH2CbCH,Cl,  dihydroxyethane, 
OH-ClR-CIio-OH,  and  oxalic  acid,  HO-CO-CO-OH,  by  causing 
the  other  methyl  group  also  to  undergo  the  same  modifica- 
tions. 

It  follows,  therefore,  that,  in  many  cases,  a series  of  mono- 
substitution  products  of  the  paraffins  may  be  directly  or 
indirectly  converted  into  a corresponding  scries  of  di-substi- 
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tutioii  products,  between  which  there  is,  on  the  whole, 
a close  relationship.  The  glycols,  or  dihydroxy-derivatives 
of  the  paraffins,  discovered  by  Wiirtz  in  1856,  afford  an 
example  of  this  point ; they  form  a homologous  series  of  the 
general  formula  Cl(H2u(OH).,,  and  are  closely  related  to  the 
monohydric  alcohols. 

Ethylene  glycol,  etliene  glycol,  or  ethylene  alcohol, 
CoH4(0H)o,  is  the  simplest  glycol,  and  corresponds  with  ethyl 
alcohol,  the  compound,  methylene  glycol,  CII.,(OH).„  which 
would  correspond  with  methyl  alcohol,  being  unknown. 
Ethylene  glycol  is  formed  in  small  quantities  when  ethylene 
is  oxidised  with  a dilute  alkaline  solution  of  potassium 
permanganate, 

C,H4  + H.,0  + 0 = C,H4(OH)2. 

It  is  prepared  by  heating  ethylene  dibromide,  or  ethylene 
dichloride,  with  dilute  aqueous  alkalies,  or  alkali  carbonates, 
the  change  which  occurs  being  similar  to  that  which  takes 
place  in  the  formation  of  ethyl  alcohol  from  ethyl  chloride, 
C,H4Br2  + 2KOH  = CaH4(OH)2  + 2KBr. 

For  this  purpose  potassium  carbonate  (138  grams)  is  dissolved  in 
water  (1  litre),  ethylene  dibromide  (188  grains)  added,  and  the  mix- 
ture boiled  in  a Hash  connected  with  a reflux  condenser.  As  the  insol- 
uble oilv  dibromide  is  converted  into  ethylene  glycol,  it  passes  into 
solution,  so  that  the  change  is  known  to  be  complete  when  globules 
of  oil  are  no  longer  visible.  The  solution  is  then  slowly  evaporated 
on  a water-bath*  to  expel  most  of  the  water,  the  semi-solid  residue 
mixed  with  alcohol  and  ether  (which  precipitate  potassium  bromide, 
but  dissolve  the  glycol),  and  the  glycol  isolated  from  the  filtered 
solution  by  fractional  distillation. 

Ethylene  glycol  is  a thick,  colourless  liquid,  and  has  a 
rather  sweet  taste;  it  boils  at  197-5°,  and  is  miscible  with 
water  and  alcohol  in  all  proportions,  but  is  only  sparingly 
soluble  in  ether.  Although  it  is  a neutral  substance,  it  dis- 
solves sodium  at  ordinary  temperatures  with  evolution  of  hydro- 
gen, yielding  sodium,  (jbjc.nl,  C„H302Na,  one  atom  of  flic  metal 

* If  the  solution  be  kept  in  rapid  ebullition,  a considerable  quantity  of 
the  glycol  escapes  with  the  steam. 
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displacing  one  atom  of  hydrogen ; if  this  substance  be  now 
heated  with  sodium,  hydrogen  is  again  evolved,  and  disodium 
glycol,  C2H402Na2,  is  formed  by  a repetition  of  the  substitu- 
tion process.  These  sodium  derivatives,  like  those  of  the 
monohydric  alcohols,  are  colourless,  crystalline,  and  hygro- 
scopic, and  are  readily  decomposed  by  water,  being  recon- 
verted into  glycol, 


C2H402Na2  + 2Ii,0  = C,H602  + 2XaOH. 


From  its  behaviour  with  sodium  it  might  be  assumed  that 
glycol  contained  hydroxyl-groups,  and  that  the  reason  of  its 
giving  di-substitution  products  (whereas  the  monohydric 
alcohols  yield  only  mono-substitution  products)  was  due  to  the 
presence  of  two  hydroxyl-groups.  If  this  were  so,  it  would 
be  expected  that  glycol,  like  alcohol,  would  be  readily 
attacked  by  the  chlorides  and  bromides  of  phosphorus ; this 
is  indeed  the  case.  When  glycol  is  treated  with  phosphorus 
pentabromide,  it  is  converted  into  ethylene  dibromide, 
whereas  with  phosphorus  pentachloride  it  yields  the 
dichloride, 

C2H4(OH)2  + 2PJBr5  = C2H4Br„  + 2POBr3  + 2HBr. 


Again,  it  has  been  shown  that  ethyl  alcohol  and  other 
hydroxy-compounds  interact  with  acetic  anhydride  and  with 
acetyl  chloride,  so  that  if  glycol  contain  two  hydroxyl-groups, 
it  should  be  converted  into  a diacetyl-derivative ; this,  also,  is 
.the  fact,  since  glycol  diacetate  is  readily  obtained  on  heating 
glycol  with  acetic  anhydride, 

G2H4(OH),  + 2(CH3-C0)20  = C2H4(0-C0.CH3)2  + 2C,H402. 
Glycol  diacetate  is  also  formed  when  ethylene  dibromide  is 
digested  with  silver  acetate,  , 


C2H4Br2  + 2C,H,<AAg  = C2H4(C2H302)2  + 2AgBr ; 


this  ethereal  salt  is  decomposed  by  boiling  alkalies,  yielding 
ethylene  glycol,  which  was  first  obtained  by  lirtz  in  this 
way. 

Constitution  of  Glycol. — The  facts  already  stated  show. 


THE  GLYCOLS  ANT)  THEIR  OXIDATION  PRODUCTS. 


00] 


clearly  that  glycol  contains  two  hytlroxyl-groups ; the  only 
matter  requiring  further  attention  is,  therefore,  whether  these 
two  groups  are  combined  with  the  same,  or  with  different 
carbon  atoms — that  is  to  say,  whether  glycol  lias  the  constitu- 
tion or  OH-CH2-CH2-OH.  This  question 

is  easily  answered  on  considering  the  formation  of  glycol  from 
ethylene  dibromide ; since  the  latter  has  the  constitution 
CH9Br-CH213r,  and  its  conversion  into  glycol  is  a simple 
process  of  substitution,  glycol  must  be  represented  by  the 

ch2.oh 

formula  OII-CIf./CH.,-OII  or  This  conclusion  is 

confirmed  by  a study  of  the  behaviour  of  glycol  under  other 
conditions,  and  of  its  relation  to  other  compounds. 

Homoloc/nes  of  Ethylene  Glycol. — The  higher  glycols,  or 
dihydroxy-derivatives  of  the  paraffins,  as,  for  example, 
a (3-propylene  glycol,  Cl  1,^011(011)  ■ CH., • ( >11,  and  ay-butylene 
glycol,  CHs-CH(OH)'CH.,'CH2-OH,  are  named  after  the 
unsaturated  hydrocarbons  of  the  olefine  series,  from  which 
they  may  be  regarded  as  derived.  As  they  exist  in  isomeric 
forms,  these  are  distinguished  by  employing  a,  (3,  y,  &c.  to 
denote  the  positions  of  the  hydroxyl-groups,  commencing  at 
the  terminal  carbon  atom. 

The  glycols  are  neutral,  thick  liquids,  similar  to  ethylene 
glycol  in  properties;  they  are  usually  prepared  by  treating 
i the  olefines  with  bromine,  and  decomposing  the  dibromo- 
additive  products  obtained  in  this  way  by  boiling  with  alkali 
carbonates. 

»The  great  advantage  of  employing  constitutional  formula1  is  well 
illustrated  by  the  case  of  ethylene  glycol.  From  a consideration  of 
, its  method  of  formation  and  of  one  or  two  simple  reactions,  it 
is  concluded  that  glycol  has  the  constitution  OH-CH^-CIf.-OH. 

» Assuming  this  to  he  true,  its  behaviour  under  given  conditions  can 
be  foretold  with  tolerable  certainty  from  the  facts  established  in  the 
case  of  ethyl  alcohol,  because  the  constitutional  formula  of  a com- 
'l'ound  is  a summary  of  its  most  important  reactions.  Ethylene 
; glycol  contains  two  -f'If.,( )H  groups,  each  of  which  is  similar  to 
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that  in  ethyl  alcohol  ; it  may  he  supposed,  then,  that  any  property 
of  ethyl  alcohol  which  is  dependent  on  the  presence  of  this  group 
will  also  be  exhibited  by  glycol.  Since,  for  example,  alcohol  acts 
like  a metallic  hydroxide,  and  forms  salts  with  one  molecule  of  a 
monobasic  acid,  ethylene  glycol,  which  contains  two  hydroxyl- 
groups,  should  behave  as  a diacid  hydroxide,  and  form  salts  with 
two  molecules  of  a monobasic  acid. 

When  hydrogen  chloride  is  passed  into  glycol  heated  at  about 
100°,  glycol  chlorohydriii  is  formed, 

OH-CH2-CH„OH  + HC1  = CHoCbCH.yOH  + H,0, 

and  when  this  product  is  heated  with  hydrogen  chloride  at  a higher 
temperature,  glycol  dichloride,  or  ethylene  dicldoride,  is  produced, 

C'HX'I  CHo  OH  + HC1  = CH2C1-CH2C1  + H.,0, 

changes  which  are  strictly  analogous  to  the  conversion  of  alcohol 
into  ethyl  chloride. 

Again,  when  ethyl  alcohol  is  carefully  oxidised,  it  is  first  con- 
verted into  aldehyde  (the  group  -CH.2-OH  being  transformed  into 
-CHO),  and  then  into  acetic  acid  (by  the  oxidation  of  the  -CHO 
group  to  -COOH).  Since,  therefore,  glycol  contains  two  -CH„-OH 
groups,  each  of  which  may  undergo  these  changes,  it  might  be  fore- 
told that,  on  oxidation,  glycol  would  probably  yield  several 
compounds,  according  as  one  or  both  the  -CH2-OH  groups  were 
attacked.  This  also  is  the  fact ; on  oxidation  with  nitric  acid 
glycol  yields  the  following  compounds  : 

CH..OH  CHO  CHO  COOH 

I I I I 

COOH  CHO  COOH  COOH 

Glycollic  Acid.  Glyoxul.  Glyoxylic  Acid.  Oxalic  Acid. 

These  examples  show  clearly  that  the  constitution  of  any  sub- 
stance having  been  ascertained  from  a study  of  some  of  its 
reactions,  its  behaviour  under  given  conditions  may  be  foretold 
with  tolerable  certainty  ; in  other  words,  the  general  reactions  and 
the  constitutional  formuhe  of  organic  compounds  are  the  most 
important  points  to  bear  in  mind. 

When  an  olefine  is  treated  with  hvpochlorous  acid,  direct  com- 
bination ensues,  and  a chlorohydrm  is  formed, 

CHa:CH.,  + HOC1  = OHCHo-CHoCl 

Ethylene.  Ethylene  Chloroliydrin. 

CH3CH:CH3  + HOC1  = CHj-CHCl-CHo-OH. 

Propylene.  Propylene  Chlorohydrin. 

These  chlorohydrins  are  usually  readily  acted  on  by  alkalies, 
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being  converted  into  oxides  by  loss  of  one  molecule  of  hydrogen 
chloride,  a change  which  recalls  the  conversion  of  ethyl  bromide 
into  ethylene, 

CH..OH  CH.,X 

+ KOH  = | ' /0  + KC1  + IT.,0. 

CHoCl  CH/ 

Ethylene  Oxide. 

CH..-OH  CH.,\ 

I " >0 

CHC1  + KOH  = CI-T/  +KC1  + H..0. 

I I 

CH,  CH, 

Propylene  Oxide. 

Ethylene  uxulc  is  isomeric  with  aldehyde,  C.JI.,0  ; it  is  a liquid, 
boils  at  13-5°,  and  is  slowly  decomposed  by  water,  being  converted 
into  glycol. 

OXIDATION  PRODUCTS  OF  THE  GLYCOLS. 


Glyoxal,  CHO-CHO,  is  produced  by  the  oxidation  of 
: glycol,  but  it  is  usually  prepared  by  slowly  oxidising  alcohol 
c or  aldehyde  with  nitric  acid, 

CHg-CIiO  + 20  = CHO-CHO  + H20. 

It  is  an  amorphous  substance,  readily  soluble  in  alcohol  and 
• ether  ; it  shows  all  the  properties  of  an  aldehyde,  reduces 
ammoniacul  silver  nitrate,  and  combines  with  sodium 
bisulphite  to  form  a crystalline  compound  of  the  composition 
l C.2H202,  2XalbSO;J  + H.,0.  It  also  combines  witli  hydroxyl- 
amine  and  with  phenylhydrazine,  giving  the  compounds 
1H0X:CH  CH:N0H  and  CeH5N2H:CII-CH:N2HC6H5. 


Hydroxy  carboxylic  A rids. 


Glycollic  acid,  OH-CH„-COOH,  may  be  obtained  by  the 
oxidation  of  glycol,  ()H-CH.,-CH.,-<  )H,  with  nitric  acid,  just 
as  acetic  acid  is  produced  by  the  oxidation  of  alcohol, 
Cn.j-CH.yOH, 


Clb.-OH 
CM., -OH 


+ 20  = 


CH.,-011 

COOH 


+ H.,0. 


As,  iiowever,  several  other  substances  are  formed,  the  isolation 
of  the  acid  from  the  oxidation  product  is  very  troublesome. 
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It  is  also  formed  when  amido-acetic  acid  (glycine,  p.  292) 
is  treated  with  nitrous  acid,  a reaction  exactly  analogous  to 
the  conversion  of  ethylamirie  into  alcohol, 


ch2-nh2 

COOH 


+ 110- NO  = 


CH,-OH 

COOH 


+ H20  + N,. 


Cflycollic  acid  is  prepared  by  boiling  the  potassium  salt  of 
chloracetic  acid  with  water,  when  the  hydroxyl-group  is  sub- 
stituted for  one  atom  of  chlorine,  just  as  in  the  formation 
of  alcohol  from  ethyl  chloride, 


CH2C1 

COOK 


CH.yOH 

+ HOH  = i ” Tr  + KC1. 
COOH 


The  solution  is  evaporated  to  dryness,  and  the  residue  extracted 
with  acetone,  which  dissolves  the  glycollic  acid,  but  not  the  potas- 
sium chloride. 


Glycollic  acid  is  a crystalline,  hygroscopic  substance,  and 
melts  at  80° ; it  is  readily  soluble  in  water,  alcohol,  and 
ether.  Assuming  that  its  constitution  is  correctly  represented 
by  the  formula  given  above,  and  of  this  there  can  be  little 
doubt  when  its  methods  of  formation  are  carefully  considered, 
it  is  almost  unnecessary  to  describe  at  length  the  chemical 
behaviour  of  glycollic  acid,  because  this  is  expressed  by  its  con- 
stitutional formula. 

Glycollic  acid  contains  one  carboxyl-group ; therefore,  like 
the  fatty  acids,  it  is  a monobasic  acid,  neutralises  carbonates, 
and  forms  salts  with  metallic  hydroxides  and  with  alcohols. 

Glycollic  acid  also  contains  one  -CH2-OH  group;  therefore 
it  behaves  like  a primary  alcohol,  as  well  as  like  an  acid. 
On  oxidation,  for  example,  it  yields  glyoxylic  acid  and  oxalic 
acid,  just  as  alcohol  gives  aldehyde  and  acetic  acid, 


CH,-OH 
i ‘ + o 

CHO 

= i 

+ h2o 

COOH 

COOH 

CH0.OH 

i ' + 20 

COOH 

+ HjO. 

COOH 

= COOH 

Even  when  the  hydrogen  atom  of  the  carboxyl-group  has 
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lbeen  displaced,  glycollie  acid  still  contains  one  atom  of 
hydrogen,  which,  like  that  in  alcohols,  may  bo  displaced  by 
(the  alkali  metals  and  by  the  acetyl-group ; ethyl  glycollate, 
ffor  example,  is  readily  converted  into  an  acetyl-derivative  on 
[treatment  with  acetyl  chloride, 

CH,-OH  CH.yO-CO-CH., 

i ' + CH..-COC1  = i ” ' + HC1. 

cooc,ir,  ■*  cooc,h5 

Homologues  of  Glycollie  Acid. — Glycollie  acid  may  be  re- 
garded as  hydroxyacetic  acid,  or  acetic  acid  in  which  a 
j iiydroxy  1-group  has  been  substituted  for  one  atom  of  hydro- 
gen ; as,  moreover,  other  fatty  acids  yield  similar  hydroxyl- 
derivatives,  a homologous  series  of  hydroxycarboxylic  acids 
| may  be  obtained. 

The  more  important  members  of  the  series  are  : 

Glycollie  acid,  or  hydroxyacetic  acid,  OH-CH2-COOH. 
Lactic  acid,  or  hydroxypropionic  acid,  OH-C2H4*COOH. 


These  compounds  may  also  be  regarded  as  oxidation  pro- 
ucts  of  the  glycols ; just  as  glycollie  acid  is  formed  on 
xidising  ethylene  glycol,  so  the  higher  members  of  the  series 
ay  be  obtained  from  the  corresponding  glycols  by  oxidising 
-CH.,-OH  group  to  -COOK. 

The  lowest  member  of  this  series,  carbonic  acid  or  hydroxy- 
rrnic  acid,  OH-GOOH,  is  not  known  in  the  free  state,  since, 

Iiien  liberated  from  its  salts,  it  immediately  loses  water,  and 
converted  into  the  anhydride,  carbon  dioxide. 
iThe  third  member  of  the  series  exists  in  two  isomeric 
•ms — namely,  as  a-  and  /3-hydroxy propionic  acid  ; these 
I merides  are  related  to  propionic  acid,  in  the  manner  shown 
the  following  formulae  : 

CIL-CIL-COOH 

Propionic  Acid. 

CH,-OH(OH) -COOH  CH2(OH).CH2-COOH. 

Hydroxypropionic  or  Lactic  Acid.  ^-Hydroxypropionic  or  Hydracrylic  Acid. 

jactic  acid,  or  u-hydroxypropionic  acid,  G ,1I(;0.,,  ur 
CH:j-CII(OH)-COOH, 
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is  formed  during  the  lactic  fermentation  of  sugar,  starch, 
and  other  substances  in  presence  of  nitrogenous  animal 
matter,  and  occurs  in  sour  milk.  It  cau  be  obtained 
by  methods  analogous  to  those  given  in  the  case  of  glycollic 
acid — namely,  by  oxidising  a/3-propylene  glycol  with  nitric 
acid, 

CH8.CH(OH).CHs.OH  + 20  = CH3-CH(OH)-COOH  + H20, 

by  heating  a-chloro-  or  a-bromo-propionic  acid  with  water, 
alkalies,  or  silver  hydroxide, 

CH3.CTIBr.COOH  + H20  = CH3.CH(OH).COOH  + HBr, 
and  by  treating  a-amido-propionic  acid  with  nitrous  acid, 

CH3.CH(NH2)-COOH  + IIO -NO  = 

CH:1.CH(OH).COOH  + H2  + H,0. 

It  is  prepared  by  the  lactic  fermentation  of  sugar  (see 
butyric  acid,  p.  156),  or  simply  by  heating  sugar  with  alkalies. 
Lactic  acid  is  a thick,  sour,  hygroscopic  liquid,  miscible  with 
water,  alcohol,  and  ether  in  all  proportions;  it  cannot  be 
distilled  as  it  undergoes  decomposition  into  aldehyde,  water, 
carbon  monoxide,  and  other  products.  When  heated  with 
dilute  sulphuric  acid,  it  is  decomposed  into  aldehyde  and 
formic  acid,  a fact  which  shows  that,  compared  with  the  fatty 
acids,  lactic  acid  is  very  unstable, 

CIl3.CH(0H).C00H  = CH.pCHO  + H-COOll. 

Lactic  acid  is  a monocarboxylic  acid,  and  forms  metallic  and 
ethereal  salts. 

Calcium  lactate,  [CH3.CH(OH).COO]2Ca  + 5H„0,  and  zinc 
lactate,  (C;1Hr)03)2Zn  + 3Ha0,  are  crystalline,  and  readily  soluble  in 
hot  water.  Ethyl  lactate,  CH3.CH(UH).COOC2H5,  is  a neutral 
liquid,  but,  since  it  contains  a]>CH(OH)  group,  it  yields  metallic 
derivatives  with  potassium  and  sodium,  and,  like  other  hydroxyl- 
compounds,  it  interacts  with  acetyl  chloride,  giving  ethyl  acetyl- 
lactate,  CHs.CH(O.CaHsO).COOCjH5,  an  ethereal  salt  of  acetyl- 

lactic  acid, 

Lactic  acid  also  contains  the  group  ^>CTTOTT,  and  shows, 
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therefore,  most  of  the  reactions  of  a secondary  alcohol.  'When, 
for  example,  it  is  heated  with  concentrated  hydrobromic  acid, 
it  is  converted  into  a-bromo-propionic  acid,  just  as  isopropyl 
alcohol  gives  isopropyl  bromide, 

CII3-CH(OH)-COOH  + HBr  = CH^CHBr-COOH  + H20 ; 

with  concentrated  hydriodic  acid,  however,  it  yields  propionic 
acid,  because  the  a-iodo-propionie  acid  which  is  first  produced 
i is  reduced  by  the  excess  of  hydriodic  acid, 

CHg-CHI-COOH  + HI  = CH3-CH2-COOH  + I, 

(On.  oxidation  with  potassium  permanganate,  lactic  acid 
again  behaves  like  a secondary  alcohol,  and  is  converted  into 
I pyruvic  acid,  just  as  isopropyl  alcohol  gives  acetone, 

CHg-CH(OH)-COOH  + 0 = CHg-CO-COOH  + IT.,0. 

Sarcolactic  acid,  or  paralactic  acid,  C3H0O3,  is  the  name  given  to 
an  acid  which  occurs  in  animals,  more  especially  in  the  muscle 
juices,  and  which  is  best  prepared  from  extract  of  meat.  It  has 
the  same  constitution  as  lactic  acid,  because  it  undergoes  the 
same  chemical  changes,  and  differs  from  it  only  in  being  optically 
active  (part  ii. ). 

Hydracrylic  acid,  or  /3-hydroxvpropionic  acid,  C.JT0O.j,  or 
CTI2(0  H)  • C 1 1,  ■ cooi  r, 

s not  formed  during  lactic  fermentation,  but  may  bo 
ibtained  by  reactions  exactly  similar  to  those  which  give 
I he  corresponding  a-acid — namely,  by  oxidising  ay-propylene 

Ilycol,  and  by  boiling  /3-chloro-,  bromo-,  or  iodo-propionic  acid, 
1H,X-CII2-C00II,  with  water  or  weak  alkalies. 

It  is  a thick,  sour  syrup,  and,  when  heated  alone  or  with 
Moderately  dilute  sulphuric  acid,  it  is  converted  into  acrylic 
cid  (p.  257),  with  loss  of  the  elements  of  water,  a change 
! nalogous  to  the  conversion  of  ethyl  alcohol  into  ethylene, 

CH2(OTI).Cir2.COOII  = CTTpC'II-OOOlI  + 1I.,0. 

In  most  respects  hydracrylic  behaves  like  lactic  acid  ; it  is 
monocarboxylic  acid,  but  also  contains  a -CII.,-011  group, 
■ > that  it  shows  most  of  the  reactions  of  a primary  alcohol  as 
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well  as  those  of  a monobasic  acid  ; on  oxidation  with  chromic 
acid,  for  example,  it  yields  malonic  acid, 

CHs(OH)-CH2.COOH  + 20  = COOIL  CHo-COOII  + H,0. 

Constitutions  of  the  Hydroxy  propionic  Acids. — Since  lactic 
acid  and  hydracrylic  acid  are  both  hydroxymonocarboxylic 
acids  of  the  molecular  composition  C3H603,  and  only  two 
formulae — namely, 

CH3-CH(OH)-COOH  and  CH2(OH)-CH,-COOH 
I.  ii. 

— can  be  constructed,  making  the  usual  assumptions  regarding 
valency,  all  that  is  necessary  is  to  determine  which  represents 
the  one  and  which  the  other  acid.  This  point  is,  of  course, 
already  settled  if  the  constitutions  of  the  ch loro-propionic 
or  amido-propionic  acids  be  taken  as  known  ; supposing,  how- 
ever, this  were  not  the  case,  the  following  syntheses  of  the 
hydroxy-acids  establish  their  constitutions. 

When  aldehyde  is  treated  with  hydrocyanic  acid,  direct 
combination  occurs,  and  the  product  is  converted  into  lactic 
acid  on  boiling  it  with  hydrochloric  acid, 

CH3-CH(OH).CN  + 2H,0  = CH3-CH(OH)-COOH  + mir 

Lactic  acid,  therefore,  is  represented  by  formula  i.,  a con- 
clusion which  is  fully  borne  out  by  all  other  facts. 

When  ethylene  is  treated  with  an  aqueous  solution  of 
hypochlorous  acid,  glycol  chlorohydrin  is  formed  (p.  222) ; 
this  compound  interacts  with  potassium  cyanide  in  dilute 
alcoholic  solution,  giving  glycol  cyanohydrin, 

CH2(0H).CH2C1  + KCN  = CH2(OH)-CH2.CN  + XC1, 

which,  when  boiled  with  mineral  acids,  is  converted  into 
hydracrylic  acid, 

CH2(OH).CH2-CN  + 2TT20  = CH2(OH).CH2-COOH  + NH,. 

Hydracrylic  acid,  therefore,  is  represented  by  formula  ii. 

Since,  moreover,  aldehyde  and  ethylene  may  be  prepared 
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from  their  elements,  this  is  also  true  as  regards  the  two 
i hydroxypropiotiic  acids. 

Lactic  acid  is  sometimes  called  ethylidenelactic  acid,  hydracrylic 
acid  being  named  ethylenelactic  add ; these  names  serve  to  recall 
;the  facts  that  lactic  acid  contains  the  ethylidene  group  CH3'CH=C, 
hydracrylic  acid  the  ethylene  group  -CH.yGH.j-. 


Dicarboxi/lic  Acids. 

Glycollic  acid,  CH0(OH)-COOH,  being  derived  from  ethylene 
^glycol,  CH.,(0H)-CH„-0ir,  by  the  oxidation  of  one  of  the 
— CH2-OH  groups,  it  might  be  concluded  that  the  other 
-CHyOH  group  would  be  capable  of  undergoing  a similar 
change ; this  is  found  to  be  so,  since  on  further  oxidation 
glycollic  acid  is  converted  into  oxalic  acid,  COOH-COOH. 
'As,  moreover,  other  glycols,  such  as  ay-propylene  glycol, 
JU.J(OH)-CH.,-CH.,-OH,  which  contain  two  -CH.,-011  groups, 
oehave  in  the ' same  way  as  ethylene  glycol,  it  is  possible  to 
orepare  a homologous  series  of  ilicarboxijlic  acids  of  the 
general  formula  C,lH.)|l(COOH).,.  These  compounds  may  also 
>e  considered  as  derived  from  the  fatty  acids  by  the  substitu- 
ion  of  the  carboxyl-group  for  one  atom  of  hydrogen,  and, 
dnce  they  contain  two  such  groups,  they  are  dibasic  acids. 

The  most  important  members  of  this  series  arc  : 


, COOH 

'•xalic,  or  carboxvfornnc  acid C.,H,0 , or  I 

■ ’ COOH 

[atonic,  or  carhoxyacetic  acid 0'3H40,  or  C 11.^ C O (i) If 

u , . . CIL-COOH 

uccimc,  or  p-carboxypropiorne  acid  ..C.H..O,  or  i ' 

(,'H.yCOOH 

osuccinie,  or  a-carboxypropionie  acid  ( ’.H.g),  or  OH,— CH  [ ,J  j[  [J] 

ilutaric  acid 0,HsOt 

dipic  acid C8H1(l04 


Oxalic  acid,  CJI,204,  or 


COOH 

, occurs  in  rhubarb  (rheum 

COOH 


e dock  ( rumex ),  sorrel  ( oxalis  ace/ose/ta),  and  other  plants, 
ually  in  the  form  of  its  potassium  hydrogen  salt,  or  as 
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calcium  oxalate ; it  is  formed  when  alcohol,  glycol,  sugar,  fats, 
and  a great  many  other  organic  substances  are  oxidised  with 
nitric  acid,  and  may  be  obtained  lay  numerous  reactions,  of 
which  the  following  arc  the  most  instructive  : 

It  is  formed  when  sodium  is  heated  at  about  350°  in  a 
stream  of  carbon  dioxide, 

2C02  + 2Na  = C204Na,, 

Sodium  Oxalate. 

and  when  sodium  or  potassium  formate  is  quickly  heated 
to  about  440°, 

2H.COONa  = C204Na2  + H, ; 

it  is  also  produced,  together  with  many  other  compounds, 
when  an  aqueous  solution  of  cyanogen  (p.  277)  is  kept  for 
some  time,  a change  which  is  analogous  to  the  conversion  of 
methyl  cyanide  into  acetic  acid, 

(CN)2  + 4H20  = C204(NH4)2. 

Ammonium  Oxalate. 

Each  of  these  three  reactions  affords  a means  of  synthesiug 
oxalic  acid  from  its  elements,  since  carbon  dioxide,  formic 
acid,  and  cyanogen  may  be  obtained  from  their  elements. 

Oxalic  acid  may  be  prepared  by  gently  warming  cane- 
sugar  with  about  six  times  its  weight  of  concentrated  nitric 
acid. 

The  operation  is  performed  in  a good  draught  cupboard,  and 
as  soon  as  brown  fumes  appear  the  heating  is  discontinued,  in  spite 
of  which  oxidation  proceeds  very  vigorously ; after  some  time,  as 
the  solution  cools,  crystals  of  oxalic  acid  are  deposited.  The  solu- 
tion is  decanted  or  filtered  through  glass  wool,  and  the  oxalic  acid 
purified  by  crystallisation  from  boiling  water ; further  quantities 
may  be  obtained  from  the  acid  mother-liquors. 

Oxalic  acid  is  prepared  on  the  large  scale  from  sawdust, 
which  contains  organic  compounds  (cellulose,  lignin,  &c.) 
somewhat  similar  in  composition  to  cane-sugar,  and  which, 
when  heated  with  alkalies,  undergo  profound  decomposition. 

The  sawdust  is  made  into  a paste  with  a concentrated  solution  of 
a mixture  of  equal  parts  of  potash  and  soda,  and  then  heated  in 
iron  pans  at  about  210°;  afterwards  the  mass  is  treated  with  water, 
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the  solution  of  potassium  and  sodium  oxalates  boiled  with  lime, 
the  precipitated  calcium  oxalate  washed  with  water  and  decomposed 
with  dilute  sulphuric  acid, 


C;04Ca  + H.,S04  = C,04Ha  + CaS04 ; 

the  solution  of  oxalic  acid  is  then  filtered  from  the  calcium  sulphate 
and  evaporated  to  crystallisation.  The  acid  obtained  in  this  way 
contains  small  quantities  of  potassium  and  sodium  hydrogen 
oxalates,  from  which  it  is  separated  only  with  great  difficulty,  so 
that  on  ignition  it  gives  a residue  of  alkali  carbonates;  the  pure 
taciil  is  most  conveniently  prepared  from  cane-sugar.  The  formation 
uof  oxalic  acid  from  sawdust  and  from  sugar  cannot  he  expressed  by 
aa  simple  equation  ; in  both  cases  a complex  molecule  containing 
— CH— OH 

groups  undergoes  simultaneous  decomposition  and 

1 — CH— OH 
■oxidation. 

Oxalic  acid  crystallises  in  colourless  prisms,  which  contain 
iwo  molecules  of  water ; it  is  readily  soluble  in  alcohol  and 
moderately  so  in  water,  hut  only  sparingly  in  ether.  When 
quickly  heated,  it  melts  at  about  100°  and  loses  its  water  ; the 
inhydrous  acid  sublimes  at  about  150°,  but,  if  heated  too 
■trongly,  it  decomposes  into  carbon  dioxide  and  formic  acid, 
i>r  its  decomposition  products, 

C204H2  = H-CUOII  + COo  = H.,0  + CO  + (JO.,; 

he  anhydrous  acid  is  very  hygroscopic,  and  a powerful 
ehydrating  agent. 

Oxalic  acid  is  decomposed  by  concentrated  sulphuric  acid, 
ut  only  on  heating  moderately  strongly  (distinction  from 
ormic  acid), 

C.,0.,11,  C<  >,  + CO  + H„0  ; 


is  a feeble  reducing  agent,  precipitates  gold  from  its  solu- 
ons,  and  is  readily  oxidised  by  warm  potassium  perman- 
inatc  (or  chlorine  water),  being  converted  into  carbon  dioxide 
id  water,  a reaction  which  is  employed  for  the  volumetric 
timation  of  oxalic  acid  and  also  in  standardising  permangan- 
e solutions, 


C204H,  + 0 = 2C0„  + H.,0. 
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Oxalic  acid  is  dibasic,  and  forms  salts  with  two  equivalents 
of  a metallic  hydroxide,  and  with  two  molecules  of  a inono- 
hydric  alcohol ; it  has  an  acid  reaction,  decomposes  carbonates, 
and  dissolves  certain  metallic  oxides.  The  salts  of  the  alkalies 
are  readily  soluble  in  hot  water,  but  most  of  the  other  salts 
are  sparingly  soluble  or  insoluble. 

Ammonium  oxalate,  Co04(NH4).„  is  decomposed  into 
oxamide  when  carefully  heated,  just  as  ammonium  acetate 
yields  acetamide, 

COONIL  CO-NIL 
i 4 = i 2 + 2H„0. 

COONH4  CO-NIL 

Potassium  oxalate,  C204K2  + H20,  is  readily  soluble  in  water, 
but  potassium  hydrogen  oxalate,  C204KII,  a salt  which  occurs 
in  many  plants,  is  more  sparingly  soluble ; the  latter  forms 
with  oxalic  acid  a crystalline  compound  of  the  composition 
C204KH  + C204H.,  + 2H.,0,  known  as  ‘salts  of  sorrel,’  or 
potassium  quadroxalate ; this  salt  is  used  in  removing  iron- 
mould  and  ink-stains,  as  it  converts  the  iron  into  soluble  iron 
potassium  oxalate. 

Silver  oxalate,  C.,0,  Ag.„  is  obtained  in  crystals  on  adding 
silver  nitrate  to  a neutral  solution  of  an  oxalate ; it  is  only 
sparingly  soluble  in  water,  and  explodes  when  quickly  heated 
in  the  dry  state,  leaving  a residue  of  silver. 

Calcium  oxalate,  C204Ca  + H20,  occurs  in  crystals  in  the 
cells  of  various  plants,  and  is  obtained  as  a white  precipitate 
on  addin"  a solution  of  a calcium  salt  to  a neutral  or  ammoni- 

O 

acal  solution  of  an  oxalate  ; it  is  insoluble  in  water,  and  also  in 
acetic  acid,  whereas  magnesium  oxalate  is  soluble  in  the 
latter,  a fact  which  is  made  use  of  in  the  separation  of  the 
two  metals.  Oxalic  acid  and  its  salts  are  used  to  a consider- 
able extent  in  the  manufacture  of  organic  dyes,  in  calico- 
printing,  in  photography  (as  developers),  and  in  analytical 
chemistry.  The  metallic  salts  of  oxalic  acid  are  all  decom- 
posed by  dilute  mineral  acids,  yielding  oxalic  acid,  whereas, 
when  heated  with  concentrated  sulphuric  acid,  they  give 
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carbon  dioxide,  carbon  monoxide,  water,  and  a sulphate. 
Oxalic  acid  and  its  soluble  salts  are  poisonous.  The  detection 
of  oxalic  acid  or  of  an  oxalate  is  chiefly  based  on  (a)  the 
behaviour  of  the  neutral  solution  with  calcium  chloride,  and 
the  insolubility  of  the  precipitate  in  acetic  acid  ; (i)  the 
behaviour  of  the  dry  substance  with  sulphuric  acid. 

Methyl  oxalate,  C204(CH3)2,  is  a colourless,  crystalline  com- 
pound, melting  at  54°,  and  is  easily  prepared  by  boiling 
anhydrous  oxalic  acid  with  methyl  alcohol ; it  is  readily 
hydrolysed  by  alkalies  and  boiling  water,  and  is  sometimes 
i employed  in  the  preparation  of  pure  methyl  alcohol. 


Ethyl  oxalate,  C204(C2H5)3,  can  be  obtained  in  a similar  manner; 
it  is  a pleasant-smelling  liquid,  boiling  at  181“,  and  sparingly 
-soluble  in  water.  It  is  a curious  fact  that  the  methyl  salts  of 
organic  acids  are  frequently  crystalline,  even  when  the  ethyl, 
I propyl,  butyl,  &c. , salts  are  liquid  at  ordinary  temperatures. 

The  constitution  of  oxalic  acid  is  determined  by  its  forma- 
tion from  glycol,  glycollic  acid,  and  formates;  it  may  be 
regarded  as  composed  of  two  carboxyl-groups,  and  is  for  this 
reason  sometimes  called  dicarboxyl. 

Probably  owing  to  the  fact  that  oxalic  acid  is  very  rich  in 
oxygen,  it  is  a comparatively  unstable  compound  ; its  an- 
hydride is  unknown,  and,  when  treated  with  phosphorus 

. , . . . , „ . COC1 

pentachlonde,  instead  of  yielding  the  chloride,  i , as  mbdit 

COC1 

lave  been  expected,  oxalic  acid  is  decomposed  into  the  oxides 
if  carbon  and  water. 

CO-NH, 

Oxamide,  i , is  formed  as  an  intermediate  product  in 

L/O'iiji,-) 

lie  conversion  of  cyanogen  into  ammonium  oxalate  (p.  278), 
Iso  when  ammonium  oxalate  is  heated.  It  is  prepared  by 
baking  methyl  or  ethyl  oxalate  with  concentrated  ammonia, 
method  very  generally  employed  in  the  preparation  of  amides 
rom  ethereal  salts. 

CA(C,H6)2  + 2XH3  = C202(  N H2)2  + 2C,HvOH. 
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It  is  a colourless,  crystalline  powder,  insoluble  in  water;  when 
heated  with  water,  alkalies,  or  mineral  acids,  it  is  converted 
into  oxalic  acid  or  an  oxalate,  a change  exactly  analogous  to 
that  undergone  by  acetamide  (p.  1C2), 

C202(NH2)2  + 2H,0  - C,0,H2  + 2NH3. 

If  methyl  oxalate  he  treated  with  an  aqueous  solution  of  a primary 
or  secondary  amine  instead  of  with  ammonia,  alkyl  substitution 
products  of  oxamide  or  of  oxamic  acid,  Nlh-CO-COOH,  respec- 
tively are  formed  (compare  amines,  p.  20C). 

Malonic  acid,  CH2(COOH)2,  the  next  homologue  of  oxalic 
acid,  has  already  been  mentioned,  and  the  preparation  of  its 
ethyl  salt  from  chloracetic  acid  has  been  described  (p.  196). 

If  instead  of  the  ethyl  salt  the  free  acid  he  required,  the  product 
of  the  action  of  potassium  cyanide  on  potassium  chloracetate  is 
mixed  with  twice  its  volume  of  concentrated  hydrochloric  acid,  and 
the  solution  saturated  with  hydrogen  chloride;  the  clear  liquid  is 
then  decanted  from  the  precipitated  potassium  chloride,  evaporated 
to  dryness  on  a water-bath,  and  the  malonic  acid  extracted  from  the 
residue  by  digesting  with  ether. 

Malonic  acid  is  a colourless,  crystalline  substance,  readily 
soluble  in  water;  it  melts  at  132°,  and  at  higher  temperatures 
undergoes  decomposition  into  acetic  acid  and  carbon  dioxide, 

CH2(COOH)2  = ch3-couii  + co2. 

Other  dicarboxylic  acids,  in  which  both  the  carboxyl-groups 
are  united  to  one  and  the  same  carbon  atom,  are  decomposed 
in  a similar  manner  under  the  influence  of  heat. 

CHvCOOH 

Succinic  acid,  C.1LO.,  or  i J , occurs  in  amber, 

14  CH.,-COOH 

and  also  in  smaller  quantities  in  lignite  (fossil-tvood),  in 
many  plants,  and  in  certain  animal  secretions.  It  is  formed 
during  the  alcoholic  fermentation  of  sugar,  and  in  several 
other  fermentation  processes ; also  when  fats  are  oxidised 
with  nitric  acid. 

It  can  be  obtained  from  its  elements  in  the  following 
manner : acetylene,  which  can  be  prepared  from  carbon  and 
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hydrogen,  is  reduced  to  ethylene,  the  latter  passed  into 
bromine,  and  the  ethylene  dibromide  thus  produced  boiled 
with  potassium  cyanide  in  aqueous  alcoholic  solution,  when 
ethylene  dicyanide  is  formed, 


CaH4Ur3  + 2KCX  = C,H4(CN),  + 2KBr; 

this  compound  is  decomposed  by  boiling  it  with  alkalies  or 
mineral  acids,  succinic  acid  and  ammonia  being  obtained, 


C1I,-CN 

CILCN 


4H,0 


ClI.,-COOi£ 

+ 2iSrlI... 

Cl-[.,-C(  ><  III 


It  may  also  lie  prepared  synthetically  from  ethyl  acetoaeetate  (or 
• ethyl  malonate)  and  ethyl  cldoracetate, 


(CH.COf’HNa  + CH.,L’bC(JO(J.dI-  = 
I 

COOCoH5 


'CM  CO-CH  CII ..(’()( X ,1 1 

I 

CUOC'.JL, 


:{KU1I  = 


! 

COUC.,H5  + NaCl 


CH.,-C1I.,-C0U  K 

I 

COOK 


CIbjCOOK  + 2CoHs-OH. 


Succinic  acid  is  usually  prepared  by  distilling  amber  from 
iion  letorts  ; the  dark-brown  oily  distillate  is  evaporated,  and 
the  dirty- brown  crystalline  residue  of  succinic  acid  purified  bv 
■recrystallisation  from  hot  dilute  nitric  acid. 

Succinic  acid  crystallises  in  colourless  prisms,  melts  at  180°, 
aid  sublimes  readily  ; it  has  an  acid,  unpleasant  taste,  and  is 
Dnly  sparingly  soluble  in  cold  water,  alcohol,  and  ether.  It 
s a dibasic  acid,  and  its  salts,  the  succinates,  with  the 
exception  of  those  of  the  alkalies,  are  sparingly  soluble  or 
nsoluble  in  water. 

Ammonium  succinate , C.,1 1404(iSrlI  ,)L„  is  sometimes  employed 
ii  the  separation  of  iron  from  manganese,  as,  on  adding  a 
olution  of  a ferric  salt  to  ammonium  succinate,  the  whole  of 
ae  iron  is  converted  into  an  insoluble  basic  salt,  which  is 
btained  as  a bull  precipitate. 
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The  constitution  of  succinic  acid  is  determined  by  its  forma- 
tion from  ethylene  dibromide,  and  by  the  fact  that  the  only 
alternative  formula  for  a dicarboxylic  acid  of  the  molecular 
composition  C4Hc04  must  be  assigned  to  isosuecinic  acid  (see 
below). 

CH.,-CO 

Succinic  anhydride,  i ' A),  is  formed  when  succinic 

CH2-CCr 

acid  is  distilled,  C4H604  = C4H403  + H.,0,  but  a large  pro- 
portion of  the  acid  passes  over  unchanged.  It  is  prepared 
by  heating  the  acid  with  phosphorus  oxychloride  for  some 
time  and  then  distilling,  the  oxychloride  combining  with  the 
water  which  is  produced,  and  thus  preventing  the  reconver- 
sion of  the  anhydride  into  the  acid  ; phosphorus  pentoxide, 
acetyl  chloride,  or  some  other  dehydrating  agent  may  be  used 
in  the  place  of  the  oxychloride. 

Succinic  anhydride  is  a colourless,  crystalline  substance,  and 
melts  at  1 20° ; it  resembles  the  anhydrides  of  the  fatty  acids 
in  chemical  properties,  and  when  boiled  with  water  or  alkalies, 
it  is  reconverted  into  succinic  acid  or  a succinate. 

Succinic  anhydride  differs  from  the  anhydrides  of  fatty 
acids  in  this,  that  it  is  formed  from  one  molecule  of  the  acid 
with  elimination  of  one  molecule  of  water,  whereas  the  anhy- 
dride of  a fatty  acid  is  produced  from  two  molecules  of  the  acid 
in  a similar  manner, 


CH.,-00011  CH,-COx 

= i /U  + H.,0 
CHo-COOH  CH2.CO' 


CHjj-CUOH  CH.j-CO\ 

CH.,. COOIL  - CH:,CO/ 

o «» 


O + H.,0 


the  constitution  of  succinic  anhydride  is  therefore  expressed 
by  the  above  formula,  which  recalls  the  fact  that  both  the 
carboxyl-groups  take  part  in  the  change,  as  is  shown  by  the 
neutral  character  of  the  anhydride.  Many  other  dicarboxylic 
acids  are  converted  into  their  anhydrides  in  a similar 


manner. 
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CHo-COCl 

Succim/l  chloride*  I , is  formed  when  succinic  acid  is 

CHo-COCl 

i treated  with  two  molecules  of  phosphorus  pentachloride,  the  inter- 
action recalling  that  which  occurs  in  the  formation  of  acetyl 
i chloride, 

CHo-COOH  CHo-COCl 

+ 2PC15  = | + 2P0C1,  + 2HC1. 

CHo-COOH  ' CH.,-COCl 

lit  is  a colourless  liquid,  boils  at  190°,  and  resembles  acetyl  chloride 

Ii in  chemical  properties;  like  the  latter,  it  is  decomposed  by  water, 
mlkalies,  and  hydroxy-compounds,  yielding  succinic  acid  or  a suc- 
ccinate. 

CHo-CO-NHo 

Succinamide,  | , is  prepared  by  shaking  ethyl 

CHo-CO-NHo 

-succinate  with  concentrated  ammonia;  it  is  a crystalline  substance, 
melts  at  242-243°,  and  is  only  very  sparingly  soluble  in  cold  water. 
VWhen  heated  with  water,  it  is  slowly  converted  into  ammonium 
■succinate,  just  as  oxamide  is  converted  into  ammonium  oxalate, 

CHo-CO-NH.,  CH.,-COONH4 

| + 2H„0  = | 

CHo-CO-NHo  ' CIIo-COONH4. 

-Succinamide  cannot  be  obtained  by  distilling  ammonium  succinate, 
H though  oxamide  and  acetamide  are  produced  by  the  distillation 
>f  the  corresponding  ammonium  salts  ; this  fact  shows  that  it  is  not 
lilways  safe  to  judge  by  analogy,  since  compounds  very  closely 
■ elated  in  constitution  may,  in  certain  respects,  behave  very  differ- 
ntly.  "When,  in  fact,  ammonium  succinate  or  succinamide  is 
j mated,  it  is  converted  into  succinimide. 

CHa-CO\ 

Succinimide,  I /NH,  is  also  formed  when  succinic  anliy- 

CHo-CO7 

ride  is  heated  in  a stream  of  dry  ammonia  ; it  is  readily  soluble  in 
•ater,  from  which  it  crystallises  with  one  molecule  of  water,  the 
nhydrous  substance  melting  at  126°.  When  boiled  with  water, 
Ikalies,  or  mineral  acids,  it  is  converted  into  succinic  acid, 

CHo-CCk  CH..-COOH 

I /NH  + 2H..0  = I + NH-,. 

CH.,-CCr  " CH„-COOH 

“ 

* The  constitution  of  succinyl  chloride  is  not  definitely  established, 

CH„-(JCU 

rtain  facts  pointing  to  the  formula  I ’ O. 

CHo-CO  ' 
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The  constitution  of  succininikle,  as  expressed  by  the  above  formula, 
is  based  principally  on  its  methods  of  formation  ; it  may  be  regarded 
as  a di-substitution  product  of  ammonia— that  is  to  say,  as  ammonia 
in  which  two  atoms  of  hydrogen  have  been  displaced  by  the 
CHo-CO- 

divalent  sncemyf-group  I , just  as  an  amide  is  a mono- 

CHj-CO-  ‘ 

substitution  product  of  ammonia.  Many  other  dicarboxylic  acids 
yield  imides  similar  in  constitution  to  succinimide. 

Although  succinimide  is  not  an  acid  in  the  ordinary  sense  of  the 
word,  has  a neutral  reaction,  and  does  not  decompose  carbonates, 
it  contains  one  atom  of  hydrogen  displaceable  by  metals.  When, 
for  example,  a solution  of  potash  in  alcohol  is  added  to  an  alcoholic 
solution  of  succinimide,  a crystalline  derivative,  potassium  succin- 
CIL-CCK 

imicle,  \ /NK,  is  produced;  this  compound  interacts  with 

0 Ho'C  0 

silver  nitrate,  giving  silver  succinimide,  and  the  latter,  on  treatment 
with  ethyl  iodide,  yields  ethyl  succinimide, 

CH.,COv  CH„-COv 

| ' >NAg  + C2H,I  = I • >N-C„H,  + Agl. 

CH.j-CO'  CH,-CO 

It  has  already  been  pointed  out,  that  hydrogen  in  combination 
with  carbon  becomes  displaceable  by  metals  when  the,  carbon  atom 
is  directly  muted  with  two  ^>CO  groups,  as  in  ethyl  aeetoacetate 
and  ethyl  malonate.  From  the  behaviour  of  succinimide,  and  of 
other  imides,  it  is  found  that  the  hydrogen  atom  of  an  imido- 
gronp  ^>NH  is  also  displaceable  by  metals  when  the  imido-group 
is  directly  united  with  two^>CO  groups. 

Jsosuccinic  acid,  CTI3-CH(COOH}o,  is  isomeric  with  succinic  acid  ; 
it  may  be  prepared  by  treating  an  alcoholic  solution  of  the  sodium 
derivative  of  ethyl  malonate  with  methyl  iodide,  and  hydrolysing 
the  product,  a reaction  which  shows  that  isosuccinic  acid  is  methyl- 
malonic acid, 

CHNa(COOCsH5)3  + CH:1I  = CII3-CH(COOC2H5)3  + Nal. 

It  is  a crystalline  substance,  sublimes  readily,  and  melts  at  130°; 
it  does  not  form  an  anhydride,  and  when  heated  alone,  or  with 
water,  it  is  decomposed  into  propionic  acid  and  carbon  dioxide, 
just  as  malonic  acid  gives  acetic  acid  and  carbon  dioxide, 

CH3-CH(COOH)3  = ch3-ch,-cooh  + co2. 

The  higher  members  of  this  series  of  dicarboxylic  acids  exist  in 
several  isomeric  forms ; four  acids  of  the  composition  Cr,IIs04,  for 
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eexample,  are  theoretically  possible,  and  four  are  actually  known — 
nnamely, 


PTr  /CH..-COOH 
- ('H.j-rOOH 

Normal  Glutaric  Acid. 


CHrOH-COOH 

Cir3-COOH 

Pyrotartaric  Acid  or 
Methylsuccinic  Acid 


CH3.CH2.CH 


/-COOII 

''-COOH 


Etliylmalonic  Acid. 


m,  coon 

(11,  1 coo  11. 

Dimcthylmalonic  Acid. 


Adipic  acid,  C,.l  1 Ul0.|,  is  of  some  importance,  as  it  is  often  obtained 
on  oxidising  fats  with  nitric  acid  ; it  may  be  produced  synthetically 
I >y  heating  /3-iodo-propionic  acid  with  finely  divided  silver,  the 
reaction  being  analogous  to  the  production  of  ethane  by  the  action 
of  sodium  or  zinc  on  methyl  iodide, 


2CH.,I-CH.,-COOH  + 2Ag  = COOH[CH.,lrCOOH  + 2AgI  ; 
t is  a crystalline  substance,  melting  at  148°. 

Hydroxy  dicarhoxylir  Arid*. 


itli  the  exception  of  oxalic  acid,  the  dicarboxylic  acids  just 
onsidered are  capable  of  yielding  substitution  products  in  exactly 
ae  same  way  as  the  fatty  acids  ; malonic  acid,  for  example, 
lay  be  converted  into  chloromalonic  acid,  CHCl(COOH).,, 
ydroxymalonic  acid,  HO.CH(COOH)2,  etc.;  succinic  acid 
ito  bromosuccinic  acid,  COOH-CHBr-CH2.COOH,  di- 
romosuccinic  acid,  COOH-CHBr-CHBr-COOH,  hydroxy- 
iccinic  acid,  ( ()()![. f H(OH)-CH2-C'OOH,  dihydroxysuccinic 
■id)  C()Obl.CH(OH).CH(OH).CdOH,  and  so  on.  Some  of 
icse  compounds — namely,  the  hydroxy-derivatives — occur 
nature,  and  lor  this  and  other  reasons  are  of  considerable 
lportance. 


Malic  acid, 


CH(OII)-COnir 

ch2.cooh 


or 


C.HrP,,  a 


monohydroxy- 


rivative  of  succinic  acid,  occurs,  not  only  in  the  free  state, 
t also  in  the  form  of  salts,  in  many  plants,  more  specially 
(unripe)  apples,  from  which  it  derives  its  name  ( acidum 
du  hiu),  in  grapes,  and  in  the  berries  of  the  mountain  ash. 
may  be  obtained  by  boiling  bromosuccinic  acid  with  water 
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and  silver  hydroxide,  a reaction  analogous  to  the  formation 
of  lactic  acid  from  a-bromo-propionic  acid, 


CHBr-COOH 
C Id., -CO  OH 


+ Ag-OId  = 


CII(OH)-COOH 

CH..-COOH 


+ AgBr. 


As,  therefore,  bromosuccinic  acid  is  easily  prepared  by  heating 
succinic  acid  with  bromine  and  water,  and  succinic  acid  may 
be  synthesised  in  the  manner  already  described  (pp.  234-5),  it 
is  possible  to  obtain  malic  acid  from  its  elements. 

Malic  acid  is  produced  on  treating  amidosuccinic  acid,  or 
aspartic  acid  (a  compound  which  may  be  obtained  indirectly 
from  asparagus*),  with  nitrous  acid,  just  as  lactic  acid  may  be 
prepared  from  a-amido-propionic  acid, 


CII(NH,)-COOH 

ch2-cooh 


+ no- no 


CH(OH)-COOH 

CH.yCOOH 


Na  + 11,0. 


It  is  usually  prepared  from  the  juice  of  unripe  berries  of  the 
mountain  ash. 


The  expressed  juice  is  boiled  with  mil k of  lime  and  the  crystal- 
line, sparingly  soluble  calcium  salt,  C4H405Ca  + H.,0,  which  is 
precipitated,  dissolved  in  hot  dilute  nitric  acid ; the  calcium 
hydrogen  malate,  (C4H,05)aCa  + 6H20,  which  separates  in  crystals,  is 
then  decomposed  with  the  theoretical  quantity  of  oxalic  acid,  and 
the  filtered  solution  evaporated. 


Malic  acid  is  a crystalline,  deliquescent  substance,  melts  at 
100°,  and  is  readily  soluble  in  water  and  alcohol,  but  only 
sparingly  in  ether;  its  metallic  and  ethereal  salts  are  of  little 
importance. 

Many  of  the  reactions  of  malic  acid  may  be  foretold  from 
a consideration  of  its  constitution,  which  is  established  by  its 
methods  of  formation.  Since,  for  example,  it  is  a hydroxy- 
derivative  of  succinic  acid,  it  is  to  be  expected  that,  on 
reduction  with  hydriodic  acid  at  a high  temperature,  it  will  be 

* Asparagine,  COOH-CH(NH2)-CH2-CO-NH2,  the  amide  of  aspartic  acid 
occurs,  in  asparagus ; when  boiled  with  acids  or  alkalies,  it  is  converted  into 
aspartic  acid,  COOH-CH(NH)2-CH2-COOH. 
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converted  into  succinic  acid,  just  as  lactic  acid  is  converted 
linto  propionic  acid;  also  that,  when  heated  with  hydrobromic 
acid,  it  will  yield  bromosuccinic  acid,  a change  which  would 
be  analogous  to  the  conversion  of  lactic  into  bromopropionic 
iacid.  Both  these  changes  actually  take  place, 

hooh-ch(oh).ch2.cooh  + 2111  = 

COOH-CH2-CH,-COOH  + H.,0  + I, 
BOOH-CH(OH)-CH.,-CJOOH  + HBr  = 

COOH-CHBr-CH2-COOH  + H.,0. 
Although  the  malic  acid  obtained  from  plants  undergoes 
ixactly  the  same  chemical  changes  as  that  prepared  from 
nromosuccinic  acid,  and  that  obtained  from  aspartic  acid,  the 
three  acids  are  not  identical  in  all  respects ; they  differ 
: principally  in  their  action  on  polarised  light,  a point  which  is 
Lef erred  to  later  (part  ii.). 

I When  malic  acid  is  heated  for  a long  time  at  ISO”,  it  does  not 
form  malic  anhydride,  as  might  have  been  expected  from  the 
behaviour  of  succinic  acid,  but  is  slowly  converted  into  fumaric 
< vcicl  and  water, 

(.’ H(OH)  CO 0 H CH-COO H 

I = II  ; 

CH.-COOH  CHCOOH 

1 now  the  fumaric  acid  be  distilled,  part  passes  over  unchanged, 

1 be  rest  being  converted  into  maleic  anhydride  and  water, 

CHCOOH  CH-COx 

II  = II  /O  + H.,0. 

CH-COOH  CH-CO/ 

alei'c  anhydride  is  decomposed  by  boiling  water,  giving  maleic  acid , 
hicli  has  the  same  constitution  .as  fumaric  acid — that  is  to  say,  both 
impounds  are  unsaturated  dicarboxylic  acids  of  the  constitution 
OOH-CH:CH-COOH  ; the  existence  of  these  two  isomerides,  and 
t iher  cases  of  isomerism  of  a similar  kind,  are  accounted  for  by  the 
1 eory  of  stereochemical  isomerism  proposed  by  Van’t  llolf  and 
islicenus,  for  an  account  of  which  other  works  must  be  consulted. 

Tartaric  acid,  or  dihydroxysuccinic  acid,  C4H6O0  or 
(H(OH).COOH 

is  one  of  the  most  commonly  occurring 

> H(OH)-COOH 

Jgetable  acids,  and  is  contained  in  grapes,  in  the  berries  of 

P 
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the  mountain  ash,  and  in  other  fruits ; during  the  (secondary) 
fermentation  of  grape-juice,  which  takes  place  in  the  casks,  a 
considerable  quantity  of  ‘ argol,’  or  impure  potassium  hydro- 
gen tartrate,  is  deposited,  and  it  is  from  this  salt  that  the 
tartaric  acid  of  commerce  is  obtained. 

Tartaric  acid  can  be  obtained  from  succinic  acid,  and, 
therefore,  from  its  elements,  by  reactions  similar  to  those 
employed  in  the  synthesis  of  malic  acid  ; dibromosuccinic  acid 
is  first  prepared  by  heating  succinic  acid  with  bromine  (^2  mols.) 
and  water,  and  two  liydroxyl-groups  are  then  substituted  for 
the  two  atoms  of  bromine  in  the  usual  way — namely,  by  heat- 
ing the  dibromo-derivative  with  water  and  silver  hydroxide,* 


C'HBr-COOH  CH(OH)-COOII 

i + 2Ag-OH  = l + 2AgBr. 

C’HBr-COOH  ° CH(OH)-COOH 

Tartaric  acid  may  also  be  obtained  synthetically  from  glyoxal 
(p.  223),  which,  like  other  aldehydes,  combines  directly  with 
hydrocyanic  acid, 


CHO 


CH(OH)-CN 


CHO  + 2HCN  CH(OH)-CH’ 
the  dicyanohydrin  tints  produced  is  decomposed  by  mineral 
acids,  giving  tartaric  acid,f  just  as  cyanoacetic  acid  yields 
malonie  acid, 

CH(OH)-CH  CH(OH)-COOH 

I + 4H,0  = I + 2NHr 

CH(OH)-CN  2 CII(OH)-COOH 

Tartaric  acid  is  prepared  on  the  large  scale  from  argol.  This 
crude,  dark-red  deposit  is  partially  purified  by  recrystallisation 
from  hot  water,  and  its  aqueous  solution  is  then  boiled  with 
chalk,  when  insoluble  calcium  tartrate  is  precipitated,  neutral 
potassium  tartrate  remaining  in  solution, 

2C4H5O0K  + CaCOg  = C4H4OeCa  + C4H406K2  + C02  + H20 ; 

tit e calcium  salt  is  separated,  and  the  solution  treated  with 

* The  tartaric  acid  obtained  in  this  way  is  optically  inactive  (part  ii.). 
and  is  a mixture  of  racemic  acid  and  mesotartaric  acid, 
t This  product  is  also  optically  inactive,  and  consists  of  racemic  acid  only- 
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calcium  chloride,  when  a second  precipitate  of  calcium  tartrate 
is  obtained, 

C4H406K2  + CaCl,  = C4H406Ca  + 2KC1. 

The  calcium  tartrate  from  these  two  operations  is  washed 
with  water,  and  decomposed  with  the  theoretical  quantity  of 
dilute  sulphuric  acid ; finally,  the  filtered  solution  of  the 
tartaric  acid  is  evaporated  to  crystallisation. 

Tartaric  acid  forms  large  transparent  crystals,  and  is  readily 
soluble  in  water  and  alcohol,  but  insoluble  in  ether;  it  melts 
at  about  167b  but  not  sharply,  owing  to  decomposition  taking 
place.  When  heated  fora  long  time  at  about  150°,  it  is  con- 
verted into  tartaric  anhydride,  C41I405,  and  several  other 
• compounds,  and  on  dry  distillation  it  yields  a variety  of  pro- 
‘ ducts,  among  others,  pyruvic  acid  and  pyrotartaric  acid. 

Tartaric  acid,  like  other  dicarboxylic  acids,  forms  both 
i neutral  and  acid  salts,  some  of  which  are  of  considerable 
i importance. 

Normal  potassium  tartrate,  C4H406K2  + .Uf.,0,  is  readily 
I prepared  by  neutralising  the  acid,  or  the  acid"  potassium  salt, 

■ with  potash ; it  is  readily  soluble  in  cold  water,  in  which 
i respect  it  differs  from  potassium  hydrogen  tartrate,  C4H5OcK, 
which  is  only  sparingly  soluble.  The  latter  is  precipitated* 

1 011  adding  excess  of  tartaric  acid  to  a concentrated  neutral 
solution  of  a potassium  salt  (test  for  potassium),  and  also  on 
i treating  an  aqueous  solution  of  normal  potassium  tartrate  with 
one  equivalent  of  a mineral  acid, 

C4H406K2  + IICl  - C4H506K  + KC1 ; 
it  is  known  in  commerce  as  ‘ argol ’ or  ‘cream  of  tartar.’ 

Potassium  sodium  tartrate,  or  ‘Rochelle  salt,’  C4H406KNa 
+ 4 rr,0,  is  obtained  when  potassium  hydrogen  tartrate  is 
neutralised  with  sodium  carbonate  and  then  concentrated;  it 
forms  large  transparent  crystals,  and  is  employed  in  the  pre- 
paration of  Folding’s  solution  (p.  263). 

The  precipitation  is  much  hastened  by  shaking  or  stirring  with  a glass 
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Calcium  tartrate , C4H40(.Ca  + 4H.,0,  being  insoluble  in 
water,  is  precipitated  on  adding  a soluble  calcium  salt  to  a 
neutral  solution  of  a tartrate ; it  is  readily  soluble  in  potash, 
but  is  reprecipitated  on  boiling  the  solution,  a behaviour 
which  is  made  use  of  in  testing  for  tartaric  acid. 

Tartar  emetic,  or  potassium  antimonyl  tartrate, 


C4H406K(SbO)  + |H,0, 

is  prepared  by  boiling  potassium  hydrogen  tartrate  with  anti- 
monious  oxide  and  water ; it  is  readily  soluble  in  water,  and 
is  used  in  medicine  as  an  emetic,  and  in  calico-printing  as  a 
mordant. 

The  detection  of  tartaric  acid  or  of  a tartrate  is  based  (a) 
on  the  behaviour  of  the  neutral  solution  with  calcium  chloride 
(in  the  cold),  and  on  the  solubility  of  the  precipitate  in 
potash ; (/j)  on  the  behaviour  of  the  neutral  solution  with  an 
ammoniacal  solution  of  silver  nitrate,  from  which  a mirror 
of  silver  is  deposited  on  warming ; (c)  on  the  fact  that  the 
solid  compound  rapidly  chars  when  heated  alone,  giving  an 
odour  of  burnt  sugar;  it  also  chars  when  heated  with  con- 
centrated sulphuric  acid,  sulphur  dioxide  and  the  two  oxides 
of  carbon  being  evolved. 

That  the  constitution  of  tartaric  acid  is  expressed  by  the 
formula  given  above  is  shown  by  the  methods  of  formation 
of  the  acid ; it  is  a dihydroxy-derivative  of  succinic  acid, 
just  as  malic  acid  is  a monohydroxy-derivative  of  the  same 
compound. 

On  reduction  with  hydriodic  acid,  tartaric  acid  is  converted 
first  into  malic,  then  into  succinic  acid, 


CH(OII)-COOH  CH(OH)-COOH 

i +2111=  i + H.,0  + 12, 

CH(OII)-COOH  CHo-COOH 

CH(OH)-COOH  t CIT.-COOH 
i v ' + 4HI  = i + 2H.,0  + 2I„, 

CH(OH>COOH  CH2-COOH 


whereas,  when  heated  with  concentrated  hydrobromic  acid,  it 
yields  dibromosuccinic  acid,  as  was  to  be  expected, 
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CH(OH)-COOH  CIIBr-COOII 

i + 2HBr  = i + 2II.)U. 

CH(OH)-COOH  CHBr-COOH 

It  is  a remarkable  fact  that  four  distinct  modifications  of 
[tartaric  acid  are  known — namely,  dextrotartaric  acid  (the 
i compound  just  described),  levotartaric  acid,  racemic  acid,  and 
i mesotartaric  acid.  Tliese  four  compounds  have  the  same  con- 
-stitution — that  is  to  say,  they  are  all  dihydroxy-derivatives  of 
-succinic  acid,  as  represented  by  the  formula 

COOH-CH(OH)-CH(OH)-COOIi  ; 
tthey  differ,  however,  in  certain  physical  properties,  as,  for 
eexample,  in  crystalline  form,  solubility,  &c.,  but  more 
especially  in  their  behaviour  towards  polarised  light ; the  salts 
of  the  four  acids  exhibit  similar  differences.  This  point  is 
eferred  to  later  (part  ii.). 

Dextrotartaric  acid  rotates  the  plane  of  polarisation  to  the  right, 
Aevotartaric  acid  to  an  equal  extent  to  the  left. 

Racemic  acid  is  optically  inactive;  it  is  produced  when  equal 
quantities  of  the  dextro-  and  levo-acids  are  dissolved  in  water,  and 
fthe  solution  of  the  mixture  allowed  to  crystallise.  It  may  be 
obtained  synthetically  by  heating  an  aqueous  solution  of  dibromo- 
mccinic  acid  with  silver  hydroxide,  as  described  above;  also  from 
I'lyoxal.  Racemic  acid  may  be  resolved  into  dextro-  and  levo- 
vartaric  acids. 

Mesotartaric  acid,  like  racemic  acid,  is  optically  inactive,  but  it 
tannot  be  resolved  into  the  two  optically  active  modifications ; 
t is  formed,  together  with  racemic  acid,  when  dextrotartaric 
cid  is  heated  for  a long  time  with  a small  quantity  of  water  at 
bout  165°,  and  when  dibromosuccinic  acid  is  heated  with  silver 
jydroxide. 

Hydroxy  tricarboxyl ic  A c ids. 

Citric  acid,  C6H807,  like  tartaric  acid,  occurs  in  the  free 
fate  in  the  juice  of  many  fruits ; it  is  found  in  eom- 
iaratively  large  quantities  in  lemons,  in  smaller  quantities 
1 currants,  gooseberries,  raspberries,  and  other  sour  fruit, 
t is  prepared  on  the  large  scale  from  lemon-juice,  which 
first  boiled,  in  order  to  coagulate  and  precipitate 
buminoid  matter,  and  then  neutralised  with  calcium 
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carbonate ; the  calcium  salt,  which  is  precipitated  from  the 
hot  solution,  is  washed  with  water,  decomposed  with  the 
theoretical  quantity  of  dilute  sulphuric  acid,  and  the  iiltratc 
from  the  calcium  sulphate  evaporated  to  crystallisation. 

Citric  acid  forms  large  transparent  crystals  which  contain 
one  molecule  of  water  and  melt  at  100°,  but  do  not  lose 
their  water  until  about  130°;  it  is  readily  soluble  in  water 
and  fairly  so  in  alcohol,  but  insoluble  in  ether.  Like  tartaric 
acid,  and  several  other  organic  acids,  it  has  the  property  of 
preventing  the  precipitation  of  certain  metallic  hydroxides  from 
solutions  of  their  salts.  Solutions  of  ferric  chloride  and  of  zinc 
sulphate,  for  example,  give  no  precipitate  with  potash  or 
ammonia,  if  citric  acid  be  present;  on  account  of  this  property, 
citric  acid  and  tartaric  acid  are  employed  in  analytical 
chemistry  and  in  calico-printing. 

Citric  acid  is  a tricarboxylic  acid,  and  like  phosphoric  acid 
forms  three  classes  of  salts,  as,  for  example,  the  three  potassium 
salts,  CcH507K3,  C6Hg07K2,  and  C6H707K,  all  of  which  are 
readily  soluble  in  water.  Calcium  citrate,  (C6H507)2Ca3  + 4H20, 
is  not  precipitated  on  adding  a solution  of  a calcium  salt  to  a 
neutral  solution  of  a citrate,  because  it  is  readily  soluble  in 
cold  water ; on  heating,  however,  a crystalline  precipitate  is 
produced,  as  the  salt  is  less  soluble  in  hot  than  in  cold 
water.  This  behaviour,  and  the  fact  that  the  precipitate  is 
insoluble  in  potash,  distinguishes  citric  from  tartaric  acid. 
When  heated  alone,  citric  acid  chars  and  gives  irritating 
vapours,  but  no  smell  of  burnt  sugar  is  noticed  ; it  also  differs 
from  tartaric  acid,  inasmuch  as  it  does  not  char  when  gently 
heated  with  concentrated  sulphuric  acid  until  after  some  time. 

Citric  acid  may  he  obtained  synthetically  by  a series  of 
reactions  which  show  it  to  be  a hydroxytricarboxylic  acid  of  the 
constitution 

CILCOOH 

i(OH).COOH. 

CIIo-COOH 

Symmetrical  dichloracetone,  CFISC1-C0-CH,C1,  which  may  he 
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obtained  by  oxidising  aa-diehlorohydrin  (]>.  252)  with  chromic  acid, 
like  other  ketones,  combines  with  hydrogen  cyanide,  forming 

i the  cyanohydrin,  (CH,C1),C<^1 ; this  product,  like  other  com- 
I pounds  containing  the  -CN  group,  is  converted  into  a carboxylic 
acid,  (CH._,Cl)oC<[jy0jj,  by  boiling  mineral  acids.  The  two  atoms 

i of  chlorine  in  this  acid  may  now  be  displaced  by -CN  groups  by 
treating  the  potassium  salt  of  the  acid  with  potassium  cyanide, 

CH.X’l  CH.,-CN 

C(OH)-COOK  + 2KCN  = C(OH)-COOK  h-  2KC1, 

I I 

CHoCl  CHo-CN 

and  this  dicyano-derivative  may  then  lie  converted  into  citric  acid 
by  boiling  it  with  hydrochloric  acid, 

CHo-CN  CH2-COOH 

- | I 

C(OH)-COOH  + 411., ()  = C(OH)-COOH  + 2NH,. 

I ' I 

cii2-cn  ch2-cooh 

This  view  of  the  constitution  of  citric  acid  is  borne  out  by  all  the 
reactions  of  the  compound ; it  is  shown  to  contain  one  hydroxyl- 
group  by  the  fact  that  ethyl  citrate,  C:1II4(UII)(C( )OC2If-,);„  yields 
a monacetyl-derivative  with  acetyl  chloride.  When  heated  alone 
at  175°,  citric  acid  is  converted  into  aconitic  add,  just  as  malic  is 
converted  into  fumaric  acid, 

CHo-COOH  CH-COOH 

I I 

C(OH)-COOH  = C-COOH  + H20  ; 

CHo-COOTT  CHo-COOIT 

when  carefully  warmed  with  sulphuric  acid,  it  yields  acetone- 
dicarboxylic  acid,  with  evolution  of  carbon  monoxide, 

CH2-COOH  CH2-COOH 

I I ‘ 

(J(OII)-COOII  = CO  + CO  + II., o, 

I I 

CHo-COOH  CHjjCOOII 

and  on  reduction  with  hydriodic  acid,  it  is  converted  into 

CHo-COOH 

I 

tricarballylic  acid,  CH-COOH. 


CII2-COOlI 
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CHAPTER  X I Y. 

TRIHYDRIC  AND  POLYHYDRIC  ALCOHOLS. 

In  the  preceding  chapter  it  has  been  shown  that  it  is 
possible  to  convert  a paraffin  first  into  a monohydric  alcohol, 
and  then  into  a dihydric  alcohol,  or  glycol,  by  the  substitution 
of  hydroxyl-groups  for  atoms  of  hydrogen ; ethane,  for  example, 
may  be  converted  into  ethyl  alcohol  and  ethylene  glycol, 
propane  into  propyl  alcohol  and  propylene  glycol. 

In  a similar  manner  those  paraffins  containing  three  or  more 
carbon  atoms  may  be  converted  into  trihydric  alcohols,  com- 
pounds which  stand  in  the  same  relation  to  the  glycols  as  the 
latter  to  the  monohydric  alcohols, 

Propyl  Alcohol.  Propylene  Alcohol. 

CH3.CHj-CHj.OH  CH3-CH(OH)-CH,-OH 

Propenyl  Alcohol. 

CH2(OH)-CH(OH)-CH2.OH. 

As,  however,  the  preparation  of  such  trihydric  alcohols  from 
the  paraffins  is  a matter  of  very  considerable  difficulty,  their 
study  has  necessarily  been  very  limited  except  in  the  case  of 
glycerol,  which,  from  its  occurrence  in  such  large  quantities  in 
natural  fats  and  oils,  has  olfered  exceptional  opportunities  for 
investigation. 

Glycerol,  glycerin,  propenyl  alcohol,  or  trihydroxypropane, 
C3H5(OH)8,  or  CH.,(OH)-CH(OH)-CH.,-OH,  has  been  pre- 
viously referred  to  as  one  of  the  unimportant  products  of 
the  alcoholic  fermentation  of  sugar,  and  its  preparation  from 
fats  and  oils,  which  consist  essentially  of  tripalmitin, 
tristearin,  and  triolein  (ethereal  salts  of  which  glycerol  is  the 
base)  has  been  described. 

The  concentrated  glycerol  obtained  on  evaporating  its 
aqueous  solution  (p.  167)  may  be  further  purified  and  freed 
from  water  by  distillation  under  reduced  pressure,  the  first 
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fractions,  which  contain  the  water,  being  collected  senar- 
ately. 

Glycerol  may  be  obtained  from  propane,  and  therefore  from 
its  elements,  by  treating  the  hydrocarbon  with  bromine,  and 
then  heating  the  tribromopropane  which  is  thus  formed  with 
water  at  170°, 


CH,Br-CHBr-CH,Br  + 3H.,( ) = 

CH2(OH)-GH(OH)-CH:i-OH  + 3HBr. 

Pure  glycerol  is  a colourless,  crystalline  substance,  melting 

at  17  ; as  ordinarily  prepared,  however,  it  is  a thick  syrup 

of  sp.  gr.  1-265  at  15°,  and  does  not  solidify  readily  owing  to 

the  presence  of  water  and  traces  of  other  impurities.  It  boils 

j at  290°  under  ordinary  atmospheric  pressure,  without  decom- 

; position  ; if  however,  it  contain  even  traces  of  salts,  it  under- 

| .goes  slight  decomposition,  so  that  in  such  cases  it  must  first 

■be  distilled  in  a current  of  steam.  Glycerol  is  very  hymo- 

f sc0 Pic,  and  rapidly  absorbs  water  from  the  air,  mixing  with  it 

mid  also  with  alcohol  in  all  proportions;  it  is  insoluble  in 

I ether,  a property  which  is  common  to  most  substances  which 

contain  many  hydroxyl-groups.  It  has  a distinctly  sweet 

' aste;  this  property  also  seems  to  be  connected  with  the 

presence  of  hydroxyl-groups,  as  is  shown  by  the  fact  that 

| other  trihydric  alcohols,  and  to  an  even  greater  extent  the 

| 6 la  ’ lxn^a‘>  an<^  iraxa-hydric  alcohols,  are  sweet,  sugar-like 
compounds.  ° 

L (;]^ro1  readiiy  undergoes  decomposition  into  acrolein 
I HP-  -;Jb)  and  water, 


j c3H6(OH)a  = C3H40  + 211,0 ; 

J.his  change  takes  place  to  a slight  extent  when  impure 
Ldyceiol  is  distilled,  but  much  more  readily  and  completely 

uthurtyCer0  13,liea!ed  With  P0taSRklm  hydrogen  sulphate, 
„ cr^it"  aCld)  Phosphorus  pentoxide,  or  other  dehydrating 

ccoiOin,?';  ]il?  glyC°11,  yickls  a ViU’iet-V  of  oxidation  products 
'o  o the  conditions  under  which  it  is  treated ; when 
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carefully  oxidised  with  dilute  nitric  acid,  it  is  converted  into 
glyceric  acid,  a change  analogous  to  the  formation  of  glycollic 
acid  from  glycol, 

CH2(OH)-CH(OH).CH2-OH  + 20  = 

CH2(OH)-CH(OH).COOH  + H20  j 

under  other  conditions,  however,  it  is  usually  oxidised  to  a 
mixture  of  oxalic,  glycollic,  and  carbonic  acids, 

CH2(OH)-CH(OH).CH2.OH  + 40  = 

CH2(OH)-COOH  + C02  + 2H20 
CH2(OH)  • CH(  OH)-  CH2  • OH  + 60  = 

COOH-COOH  + C02  + 3H20. 

Glycerol  is  extensively  used  in  the  preparation  of  nitro- 
glycerin (p.  252)  and  toilet-soaps,  also  for  filling  gas-meters ; 
it  is  used  in  smaller  quantities  in  medicine  and  as  an  anti- 
putrescent in  preserving  food  materials. 

Derivatives  of  Glycerol. — Assuming  that  glycerol  is  a 
trihydric  alcohol  of  the  constitution  given  above,  its  behaviour 
under  various  conditions  may  be  foretold  with  a good  prospect 
of  success,  if  that  of  ethyl  alcohol  and  of  glycol  be  borne  in 
mind.  The  fact,  for  example,  that  glycerol  contains  hydrogen 
displaceable  by  sodium,  was  only  to  be  expected,  and,  just  as 
in  the  case  of  glycol,  only  one  atom  of  hydrogen  is  displaced 
at  ordinary  temperatures;  the  product,  C8Ii5(OH).,-ONa,  is 
hygroscopic,  and  is  immediately  decomposed  by  water. 

Again,  the  behaviour  of  glycerol  with  acids  is  analogous  to 
that  of  alcohol  and  of  glycol ; when  treated  with  acetic  acid, 
for  example,  it  yields  the  ethereal  salt,  triacetin,  or  glyceryl 
acetate,  and  water, 

C;jH6(OH)3  + 3CH3-COOH  = C3H6(0-C0-CH3)3  + 3H20. 
It  is  obvious,  however,  that  triacetin  is  not  the  only  ethereal 
salt  which  may  be  produced  by  the  interaction  of  glycerol  and 
acetic  acid,  because,  being  a triacid  base,  glycerol  may  yield 
compounds,  such  as  monacetin  and  diacetin,  by  the  displace- 
ment of  only  one  or  of  two  atoms  of  hydrogen, 
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C,H5(OH)..  + CH.-CUOH  = C3H5(0H)./0-C(  >-CHs  + H,0 
C3H5(OH)3.+  2CH.J-COOH  = C3H5(0-C0-CH3)2-0H  + 2H20. 

These  three  compounds  may  all  be  prepared  by  heating 
glycerol  with  acetic  acid,  the  higher  the  temperature  and 
the  larger  the  relative  quantity  of  acetic  acid  employed,  the 
larger  the  proportion  ol'  triacetin  produced.  Acetic  anhydride 
acts  more  readily  than  acetic  acid,  but  gives  the  same  three 
products. 

Chlorohydrins. — -The  action  of  concentrated  hydrochloric 
acid  on  glycerol  is  similar  to  that  of  acetic  acid  ; at  moderately 
high  temperatures,  and  employing  only  the  theoretical  quantity 
of  the  acid,  one  atom  of  chlorine  is  substituted  for  one 
hydroxyl-group,  and  glycerol  chlorohydrin  is  formed,  just  as 
ethylene  glycol  is  converted  into  glycol  chlorohydrin, 

C3H.(OH):i  + HC1  = C3H5C1(0H)2  + H20 ; 

with  excess  of  hydrochloric  acid,  however,  glycerol  dichloro- 
hydrin is  produced, 

C3H5(OH)3  + 2IIC1  = C.,H3C12'0H  + 2H20. 

Glyceryl  trichloride,  or  propenyl  trichloride, 


CH2C1-CHC1-CH2C1, 

cannot  easily  be  obtained  by  heating  glycerol  with 
hydrochloric  acid,  but  may  be  prepared  by  treating  the 
dichlorohydrin  with  phosphorus  pentachloride, 

C3H5C12.0H  + PClj  = C3H5C13  + POCl3  + HG1; 

it  is  a colourless  liquid,  boiling  at  158°,  and  smells  like 
chloroform.  The  name  ‘glyceryl,’  or  propenyl,  is  sometimes 

given  to  the  group  of  atoms  -CH.,-CH -CPI.,-,  which  may  be 
regarded  as  a trivalent  radicle. 


Glycerol  chlorohydrin  and 
isomeric  forms, 

CH,(OH).Cn(OH).CH,Cl 

a-Chlorohydrin. 

CILC 1 • C IT  ( O H ) • C H._,C  1 

««■  Dichlorohydrin. 


tlie  dichlorohydrin  exist  in  two 
CH,(OH)-CHCl-CII,-OH 

/3-Cliloroliyclrin. 

CH.jCl  • C HC1  • C H 0 II . 

a/3-Dicliloi'ohydrin. 
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Glycerol  a-chlorohydrin  is  formed,  together  with  small  quantities 
of  the  /3-compound,  when  glycerol  is  heated  at  100°  with  hydrochloric 
acid  ; it  is  an  oily  liquid,  soluble  in  water.  Glycerol  p-chlorohydrin 
can  be  obtained  by  treating  ally]  alcohol  (p.  254)  with  hypochlorous 
acid. 

Glycerol  aa-dichlorohydrin  is  produced  when  glycerol  is  heated 
with  a solution  of  hydrogen  chloride  in  glacial  acetic  acid ; it  is 
a mobile  liquid,  only  sparingly  soluble  in  water,  and  on  oxida- 
tion with  chromic  acid  it  yields  symmetrical  dichloracetone, 
CHoCl-CO-CHoCl. 

Glycerol  ap  clichlorohydrin  is  obtained  on  treating  allyl  alcohol 
(p.  254)  with  chlorine ; on  oxidation  with  nitric  acid  it  gives 
a/3-dichloropropionic  acid,  CH2Cl-CHCl-COOH.  When  treated 
with  potash,  both  aa-  and  a/3-chlorohydrin  yield  cpichlorhydrin, 
CHoCl-CH-CHo 

\/  (compare  ethylene  oxide,  p.  223). 

O 

When  glycerol  is  treated  with  acetyl  chloride,  it  does  not  yield 
triacetin,  as  might  have  been  expected,  but  diacetylchlorohydrin, 

C3H5(OH):!  + 2CH.J-COC1  = C3H5C1(0-C0-CH:i),  + H,0  + HC1. 

This  behaviour,  although  apparently  abnormal,  is  not  really  so  ; in 
the  first  place,  the  glycerol  is  converted  into  a diacetyl  - d e ri  va  t i v e in 
the  usual  manner, 

C3H5(OH)3  + 2CH.,-COCl  = C3H5(0-C0-CH3)2.0H  + 2HC1, 

and  the  hydrogen  chloride  produced  during  the  reaction  then  acts 
on  the  diacetyl-derivative  just  as  it  does  on  other  monohydric 
alcohols, 

C3Hb(0-C0-CH3)s-0H  + HC1  = C3H,(0-C0-CH3)2C1  + H,0. 

Ethylene  glycol  and  other  di-  and  poly-hydric  alcohols  show  a 
similar  behaviour. 

Nitro -glycerin,  glyceryl  trinitrate,  or  propenyl  trinitrate, 
C.jH5(0-iN02)s,  is  an  ethereal  salt  of  glycerol  and  nitric  acid. 
It  is  prepared  by  slowly  adding  pure  glycerol  drop  by  drop,  or 
in  a fine  stream,  to  a well-cooled  mixture  of  concentrated 
sulphuric  acid  (4  parts)  and  nitric  acid  of  sp.  gr.  1 '52  (1  part); 
the  solution  is  run  into  cold  water,  and  the  nitro-glycerin, 
which  is  precipitated  as  a heavy  oil,  washed  well  with  water 
and  dried. 

It  is  a colourless  oil  of  sp.  gr.  1*6,  has  a sweetish  taste,  and 
is  poisonous;  although  readily  soluble  in  ether,  it  is  only 
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j -sparingly  soluble  in  alcohol,  and  insoluble  in  water,  so  that,  as 
yrregards  solubility,  its  behaviour  is  almost  the  exact  opposite  of 
| 'that  of  glycerol,  a fact  which  shows  the  influence  of  hydroxyl- 
Lgroups  in  a very  distinct  manner.  It  explodes  violently 
Bnvhen  suddenly  heated,  or  when  subjected  to  percussion,  but 
when  ignited  with  a flame  it  burns  without  explosion,  and 
ids  even  rather  difficult  to  ignite. 

Nitro-glycerin  is  readily  hydrolysed  by  boiling  alkalies, 
ibeing  converted  into  glycerol  and  a nitrate,* 

C3H5(0.N02)3  + 3KOH  = C,H5(OH),  + 3KNO, ; 

°on  reduction  with  ammonium  sulphide  (p.  94)  it  yields 
.glycerol  and  ammonia, 

C3H5(0.jN02)3  + 1 2H2S  = C3H6(OH)3  + 3XH,  + 6H20  + 12S. 

In  these  two  reactions  the  behaviour  of  nitro  glycerin  is  exactly 
analogous  to  that  of  ethyl  nitrate,  CH.t-CH2  0-N02,  but  quite 
different  from  that  of  nitro-ethane,  CH-j-CIb-NO.,,  which,  as  previ- 
ously stated,  is  not  decomposed  by  alkalies,  and  on  reduction  yields 
umido-ethane  or  ethylamine  ; since,  moreover,  groups  of  atoms  in 
ii  similai  state  of  combination  show  a similar  behaviour,  it  is  clear 
‘'hat  nitro-glycerol,  like  ethyl  nitrate,  is  an  ethereal  salt,  and  not 
i nitro-derivative ; in  other  words,  the  nitro  groups  (-NO.,)  in 
litio-glycerin  are  directly  combined  with  oxygen,  and  not  with 
carbon.  The  name  nitro-glycerin  is,  therefore,  misleading,  but, 
oeing  so  well  known,  it  is  usually  employed  instead  of  the  more 
correct  names,  glyceryl  trinitrate,  or  propenyl  trinitrate. 

Nitro-glycerin  is  extensively  employed  as  an  explosive, 
sometimes  alone,  sometimes  in  the  form  of  dynamite,  which 
'S  simply  a mixture  of  nitro-glycerin  and  kieselguhr,  a 
oorous,  earthy  powder,  consisting  of  the  siliceous  remains  of 
■•mall  marine  animals ; the  object  of  absorbing  the  nitro- 
glycerin with  kieselguhr  is  to  render  it  less  liable  to  explode, 
md,  consequently,  safer  to  handle  and  to  transport.  The 
nresence  ot  acids  in  nitro-glycerin  make  it  liable  to  undergo 
pontaneous  decomposition  and  explosion  ; great  care  must, 
herefore,  be  taken  in  washing  it  thoroughly.  Nitro-glycerin 

An  alkali  nitrite  is  also  formed  owing  to  reduction,  the  glycerol 
‘.ndergoing  partial  oxidation. 
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is  also  employed,  mixed  with  gun-cotton  (p.  274),  as  blasting- 
gelatine,  and  in  the  preparation  of  smokeless  gunpowder;  it 
is  used  in  medicine  in  cases  of  heart  disease. 

Unsaturated  Compounds  related  to  Glycerol. 

Allyl  alcohol,  CH2:CH*CH2-OH,  is  formed  when  anhydrous 
glycerol  is  slowly  heated  with  crystallised  oxalic  acid  until  the 
temperature  rises  to  about  260°,  and  the  mixture  then 
distilled ; in  the  first  place,  the  glycerol  is  converted  into 
monoformin,  with  evolution  of  carbon  dioxide,  water,  and  a 
little  formic  acid  (p.  144), 

C3H5(OH)3  + C2H,04  = C3H5(0H)9.0-CH0  + CO.,  + H.,0 

c3h5(oh)2-o-ch6  + h26  = c3h5(oh)3  + h-cooii, 

but,  on  further  heating,  the  rest  of  the  monoformin  undergoes 
decomposition,  and  allyl  alcohol  collects  in  the  receiver, 

CHo(0H)-CH(0H)-CH.,-0-CH0  = 

CH2(OH)-CH:CH2  + C02  + H20. 

Allyl  alcohol  is  also  produced  when  acrolein  (acraldehyde,  p. 
256)  is  treated  with  nascent  hydrogen,  a change  which  is 
exactly  analogous  to  the  formation  of  alcohol  from  aldehyde, 

CH2:CH-CHO  + 2H  = CH2:CH-CH2-OH. 

It  is  a colourless,  neutral  liquid,  boils  at  96-97°,  and  has 
a very  irritating  smell ; it  is  miscible  with  water,  alcohol,  and 
ether  in  all  proportions. 

Allyl  alcohol  is  an  unsaturated  compound,  and  has,  there- 
fore, not  only  the  properties  of  a primary  alcohol,  but  also 
those  of  unsaturated  compounds  in  general.  Its  alcoholic 
character  is  shown  by  the  following  facts  : it  dissolves  sodium 
with  evolution  of  hydrogen, 

2CH2:CH-CH,-OH  + 2Na  = 2CH2:CH-CH2-ONa  + H.„ 
forms  ethereal  salts  with  acids, 

CH,:CH-CH2-OH  + HC1  = CH2:CH-CH2C1  + H20, 
and  on  oxidation  is  converted,  first  into  acrolein,  then  into 
acrylic  acid, 
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CH.,:CH-CHvUH  + U = CH.,:CH.CHO  + H.,0 
CH2":CH.CH‘.OH  + 20  = CH2:CH-COOH  + H,0. 

In  all  these  reactions  its  behaviour  is  so  closely  analogous  to 
that  of  ethyl  alcohol  and  other  primary  alcohols,  that 
it  must  be  concluded  that  allyl  alcohol  contains  the 
: group  -CHv OH.  That  it  is  an  unsaturated  compound  is 

shown  by  its  behaviour  with  chlorine  and  bromine,  with 
which  it  combines  directly,  forming  a dichloro-  or  dibromo- 
1 hydrin,  isomeric  with  the  corresponding  compounds  obtained 
1 by  treating  glycerol  with  halogen  acids, 

CH,:CH-CH2-OH  + Br,  = CH2Br-CTIBr-CIIyOH. 

Allyl  iodide,  CH2:CH-CH2I,  is  an  unsaturated  ethereal 
-salt,  related  to  allyl  alcohol  in  the  same  way  as  ethyl  iodide  to 
ethyl  alcohol.  It  may  be  obtained  by  treating  allyl  alcohol 
with  iodine  and  phosphorus,  but  is  more  conveniently  pie- 
pared  directly  from  glycerol. 

For  this  purpose  iodine  (10  parts)  is  dissolved  in  glycerol  (15 
parts),  and  small  pieces  of  dry  phosphorus  ((5  parts)  added  from 
time  to  time,  the  mixture  being  very  gently  wanned  at  first  to 
-start  the  reaction ; the  operation  is  conducted  in  a large  retort 
connected  with  a condenser,  a stream  of  carbon  dioxide  being 
1 passed  through  the  apparatus  during  the  experiment.  It  is 
probable  that  the  glycerol  is  first  converted  into  the  tri-iodide, 
CII.d-CFII-GHJ,  which  then  undergoes  decomposition  into  iodine 
and  allyl  iodide  ; if  excess  of  phosphorus  and  iodine  be  employed, 
isopropyl  iodide  is  formed, 

CHoOH-CHJ  + III  = CH,:CH-CH3  + I,. 

CH2:CH-CH3  + HI  = CH:,-CIII-CH... 

Allyl  iodide  is  a colourless  liquid,  boiling  at  101°,  and  has 
m odour  of  garlic ; it  resembles  ethyl  iodide  in  many 
I respects,  but  has  also  the  properties  of  an  unsaturated  com- 
pound. A\  hen  heated  with  potassium  sulphide  in  alcoholic 
solution,  it  is  converted  into  allyl  sulphide  (see  below),  just 
is  ethyl  iodide  gives  ethyl  sulphide, 

2CH2:CH-CH2I  + K2S  = (CH2:CH-CH2)2S .+  2K1. 

Allyl  bromide,  ClI2:ClBCII2Br,  may  be  obtained  by  treating 
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allyl  alcohol  with  phosphorus  tribromide ; it  is  a heavy 
liquid,  and  boils  at  70-71°. 

Allyl  sulphide  occurs  in  nature  in  many  Cruciferae,  but  is 
especially  abundant  in  garlic  ( Allium  sativum),  from  which 
it  is  obtained  by  distilling  the  macerated  plant  with  water  ; 
it  is  therefore  known  as  oil  of  garlic.  It  is  a colourless, 
very  unpleasant-smelling  liquid,  boiling  at  140°.  Another 
allyl  derivative — namely,  allyl  isothiocyanate,  occurs  in 
nature  in  considerable  quantities  in  black  mustard  seeds,  and 
is  known  as  oil  of  mustard  (p.  289). 

Acrolein,  or  acraldehyde,  CH2:CH-CHO,  is  formed  during 
the  partial  combustion  of  fats,  and  when  impure  glycerol  is 
distilled  under  ordinary  pressure ; also  when  allyl  alcohol 
undergoes  oxidation.  It  is  prepared  by  distilling  glycerol 
with  some  dehydrating  agent,  potassium  hydrogen  sulphate 
being  usually  employed, 

C3H6(OH)8  = C.sH40  +.  2H20. 

Acrolein  is  an  aldehyde,  and  is  related  to  allyl  alcohol  in 
the  same  way  as  aldehyde  to  ethyl  alcohol ; it  is  a colourless 
liquid,  boils  at  52°,  and  has  an  exceedingly  irritating  and  dis- 
agreeable odour,  like  that  of  partially  burnt  fat ; it  produces 
sores  when  brought  on  to  the  skin,  and  its  vapours  cause  a 
copious  flow  of  tears.  Like  other  aldehydes,  it  reduces 
ammoniacal  solutions  of  silver  oxide  with  formation  of  a 
mirror,  and  readily  undergoes  polymerisation  into  an  amor- 
phous, brittle  substance  named  disacryl ; it  also  gives  the 
aldehyde  reaction  with  rosaniline,  but,  on  the  other  hand, 
it  does  not  combine  with  sodium  hydrogen  sulphite.  On 
reduction  it  yields  allyl  alcohol ; on  exposure  to  the  air,  or 
on  treatment  with  silver  oxide,  it  readily  undergoes  oxidation, 
yielding  acrylic  acid.  That  it  is  an  unsaturated  compound  is 
shown  by  the  fact  that  it  combines  directly  with  bromine, 
forming  an  additive-product  of  the  composition 

CH2Br-CHBr-CHO. 

Crotonaldehyde,  C IL ■ C H : C IT • C 1 1 0 is  .a  liomologue  of  acralde- 
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I liyde ; it  is  obtained  on  heating  acetaldehyde  with  dilute  hydro- 
i chloric  acid,  or  with  a solution  of  zinc  chloride,  aldol  being  formed 
; as  an  intermediate  product  (p.  124), 

2CH3-CHO  = CH;1-CH(OH)-CHo-CHO 
CH3.CH(OH)-CH.,-CHO  = CH.j-CH:CH-CHO  + H20. 

lit  boils  at  104-105°,  and  closely  resembles  acraldehyde  in  properties ; 
on  reduction  it  yields,  first,  crotonalcohol,  CH3-CH:CH-CH2-OH, 
aand  then  butyl  alcohol,  CH.,-CH2-CH2CH2-OH;  on  oxidation  it  gives 
ccrotonic  acid,  CH3-CH:CH-C06h. 

Acrylic  acid,  CH2:CH-COOH,  the  oxidation  product  of 
aallyl  alcohol  and  of  acrolein,  may  also  be  obtained  from  hydra- 
ccrylic  acid  (p.  227),  which  on  distillation  loses  the  elements  of 
water, 

CH,(OH)-CH2-COOH  = CH2:CHCOOH  + H,0, 
a change  analogous  to  the  formation  of  ethylene  from  alcohol  ; 
i acrylic  acid  is  also  produced  when  /3-bromopropionic  acid  is 
created  with  alcoholic  potash,  just  as  ethylene  is  formed  from 
•ethyl  bromide, 

CH2Er-CH2.COOH  = CHpCIICOOH  + HBr. 

Acrylic  acid  is  a liquid  at  ordinary  temperatures,  and  boils 
rt  139-140°;  it  smells  like  acetic  acid,  is  miscible  with  water 
in  all  proportions,  and  its  solutions  have  an  acid  reaction.  It 
<s  a monocarboxylic  acid,  and  forms  metallic  and  ethereal 
lalts  just  as  do  the  fatty  acids;  it  differs  from  the  latter, 
towever,  in  being  an  unsaturated  compound,  as  is  shown  by 
ts  forming  additive-products.  It  combines  directly  with 
Bromine,  giving  dibromopropionic  acid, 

CH2:CH-COOH  4-  Hr2  - CH,Hr-CHBr-COOH; 
rith  halogen  acids,  yielding  ^-halogen  derivatives*  of  propionic 
cid, 

CH.pCH-COOH  + HC1  = CH2Cl-CH2-COOH, 
nd  with  nascent  hydrogen,  giving  propionic  acid, 

CH2:CII-COOH  + 2H  = CH:j.CH2-COOU. 

* This  behaviour  is  abnormal,  as  usually  the  halogen  combines  with  that 
| urbon  atom  whicli  is  combined  with  the  least  number  of  hydrogen  atoms 
‘ '.  80). 
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Crotonic  acid,  CH3*CH:CH-COOH,  the  next  homologue  of  acrylic 
acirl,  may  be  obtained  by  methods  similar  to  those  mentioned  in  the 
case  of  acrylic  acid — namely,  by  the  oxidation  of  crotonalcohol  or  of 
crotonaldeliyde,  by  the  distillation  of  /3-hydroxybutyric  acid, 
CH3-CH(OH)-CH2'COOH,  and  by  treating  a-broniobuty  ric  acid  with 
alcoholic  potash.  It  melts  at  72°,  and  resembles  aeiylic  acid  in 
general  behaviour. 

Oleic  acid,  C1SH:140.2,  one  of  the  higher  members  of  the  acrylic 
series,  has  been  previously  mentioned  (p.  168). 

Poh/ln/dric  Alcohols. 

The  existence  of  tetra-,  penta-,  and  hexa-hydric  alcohols, 
which  theoretically  should  be  obtained  from  the  higher 
paraffins  by  the  substitution  of  four,  five,  or  six  hydroxyl- 
groups  for  an  equivalent  quantity  of  hydrogen,  just  as  glycerol 
is  derived  from  propane,  was  of  course  to  be  expected  ; never- 
theless, owing  to  the  difficulties  which  would  be  met  with  in 
the  actual  synthesis  of  such  complex  compounds  from  the 
paraffins,  or  by  other  methods,  it  is  highly  probable  that  they 
might  still  have  been  unknown,  were  it  not  that  many  of  them 
occur  in  nature,  and  may  also  be  prepared  from  products  of 
the  vegetable  kingdom  by  simple  processes. 

Erythritol,  CH2(OH)'ciI(OH)-CH(OH)-CH2-OTd,  for  ex- 
ample, is  a tetrahydric  alcohol  which  occurs  in  many  lichens, 
and  in  certain  seaweeds.  Arabiiol  and  xylitol  are  penta- 
hydric  alcohols  of  the  constitution 

CH2(OH)-CH(OH)-CH(OH)-CH(OH)-CH2-OH; 
they  may  be  respectively  prepared  by  reducing  arabwose  and 
xylose,  two  sugar-like  compounds  which  occur  in  various 
vegetable  products,  with  sodium  amalgam.  Hexahydric 
alcohols,  such  as  mannitol  and  dulcitol,  also  occur  in  nature. 

Mannitol, 

CH2(OH)-CH(OH)-CH(OH)-CH(OH)-CH(OH)-CH2-OH, 
is  found  in  manna,  the  dried  sap  of  a species  of  ash,  from 
which  it  may  be  extracted  with  boiling  alcohol ; it  may  also 
be  obtained  by  reducing  levulose,  mannose,  or  dextrose  (p.  26 I) 
with  sodium  amalgam.  It  is  a colourless,  crystalline  sub= 
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stance,  has  a very  sweet  taste,  and  is  readily  soluble  in  water 
and  hot  alcohol,  but  insoluble  in  ether.  When  carefully 
oxidised  with  nitric  acid  it  yields  the  aldehyde,  mannose, 
and  the  ketone,  levulose  (p.  265) ; on  reduction  with 
hydriodic  acid  it  is  converted  into  (secondary)  hexyl  iodide, 
a derivative  of  normal  hexane, 

CH2(OH)-CH(OH)-CH(OH)-CH(OH)-CH(OH)-CH,-OH 

+ 11H1  = 

CH3-CH2-CH2-CH2-CHI.CH3  + 6H20  + 5I2. 

This  conversion  of  mannitol  into  a derivative  of  normal  hexane  is 
a fact  of  great  importance,  as  it  throws  much  light  on  the  constitu- 
tion, not  only  of  mannitol,  but  also  of  mannose,  levulose,  and 
dextrose  ; since  these  compounds  yield  mannitol  on  reduction,  it  is 
proved  that  they  also  are  derivatives  of  normal  hexane,  and  not  of 
some  secondary  or  tertiary  paraffin,  isomeric  with  hexane. 

The  constitution  of  mannitol  is  further  established  by  the  usual 
methods;  that  it  contains  six  hydroxyl-groups  is  shown  by  the  fact 
that  it  yields  a hexacetyl-derivative,  C8HB(0-C0-CH3)6,  and  a hexa 
nitrate,  C6H8(0-N02)8.  As,  moreover,  it  is  known  from  experience 
that  in  all  stable  hydroxy-compounds  one  carbon  atom  does  not 
unite  with  more  than  one  hydroxyl-group,  each  of  the  six  hydroxyl- 
groups  in  mannitol  must  be  combined  with  a different  carbon 
atom. 

Mannitol,  like  tartaric  acid,  exists  in  several  modifications,  which 
differ  principally  in  their  optical  properties. 


CHAPTER  XY. 

THE  CARBOHYDRATES. 

The  compounds  usually  known  as  the  carbohydrates  do  not 
form  a well-defined  group,  inasmuch  as  the  term  is  applied  to 
substances  widely  different  both  in  properties  and  in  con- 
stitution ; they  may,  however,  be  roughly  described  as 
naturally  occurring  substances,  composed  of  carbon,  hydrogen, 
and  oxygen,  in  which  the  ratio  of  hydrogen  to  oxygen  is  the 
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same  as  ill  water.  The  word  carbohydrate  was  originally  given 
to  such  compounds  because  they  might  be  represented  as  com- 
posed of  carbon  and  water  in  different  proportions : grape- 
sugar,  C6H1206,  for  example,  might  be  represented  as 
6C  4-  6H00 ; cane-sugar,  C12H,2On,  as  12C  + 11H20;  and 
starch,  C6H10O5,  as  6C  + 5H20. 

The  carbohydrate  group  is  one  of  the  most  important  in 
organic  chemistry,  as  it  includes  all  the  principal  constituents 
of  plants,  except  water.  To  this  group  belong  (a)  the  sugars, 
substances  which  are  of  great  value  as  food-stuffs  and  as 
sources  of  alcohol,  and  to  which  the  sweetness  of  fruits  is 
due ; (h)  the  starches,  the  most  abundant  of  all  foods ; and 
(c)  the  celluloses,  substances  of  which  the  cell  membranes  and 
tissues  of  plants  are  principally  composed. 

The  Sugars. 

Cane-sugar,  or  saccharose,  C12H22011,  is  very  widely  dis- 
tributed in  nature  ; it  occurs  in  large  quantities  in  the  sugar- 
cane (15-20  per  cent.)  and  in  beetroot  (some  kinds  of  which 
contain  as  much  as  16  per  cent.),  in  smaller  quantities  in 
strawberries,  pine-apples,  and  other  fruits. 

The  sugar-cane  and  beetroot  are  the  raw  materials  from 
which  practically  the  whole  of  the  sugar  of  commerce  is 
manufactured,  the  processes  of  extraction  being  much  the 
same  in  both  cases,  and  requiring  expensive  apparatus  in 
order  to  obtain  the  largest  possible  yield  of  crystallised 
sugar. 

The  material  is  crushed  in  hydraulic  presses,  and  the  expressed 
juice  boiled  with  about  1 per  cent,  of  milk  of  lime,  in  order  to 
neutralise  acids  present,  and  to  coagulate  the  vegetable  albumin 
which  is  always  contained  in  the  extract.  The  solution  is  treated 
with  carbon  dioxide,  in  order  to  precipitate  any  excess  of  lime, 
decolourised  as  far  as  possible  by  boiling  with  animal  charcoal,  and 
filtered  ; it  is  then  evaporated  under  reduced  pressure  in  an  appara- 
tus heated  with  steam,  until  the  syrup  is  of  such  a consistency  that 
it  deposits  crystals  on  cooling.  These  crystals  are  separated  from 
the  brown  mother-liquor  ( molasses , or  treacle)  in  a centrifugal 
machine,  and  purified  by  recrystal  lisa  tion  from  water. 
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The  molasses  still  contains  about  50  per  cent,  of  sugar  which 
does  not  crystallise  from  the  syrup  even  on  further  evaporation, 
owing  to  the  presence  of  impurities ; nearly  the  whole  of  this 
sugar,  however,  can  he  profitably  extracted,  by  adding  strontium 
hydroxide,  and  separating  the  insoluble  strontium  saccharosate 
(see  below)  from  the  dark  mother-liquor  by  filtration.  This  pre- 
cipitate is  suspended  in  water,  decomposed  by  passing  carbon 
dioxide,  and  the  filtrate  from  the  strontium  carbonate  evaporated 
to  a syrup  ; the  impurities  having  now  been  removed,  the  cane- 
sugar  separates  in  the  crystalline  form.  The  annual  production  of 
cane-sugar  is  about  5-6  million  tons. 

Cane-sugar  crystallises  from  water  in  hard  four-sided  prisms,  ■ 
and  is  soluble  in  one-third  of  its  weight  of  water  at  ordinary 
temperatures,  but  only  sparingly  soluble  in  alcohol.  It 
melts  at  about  160-161°,  and  on  cooling  does  not  immediately 
crystallise,  but  solidifies  to  a pale-yellow,  glassy  mass,  called 
barley-sugar,  which,  however,  on  long  standing,  gradually 
becomes  opaque  and  crystalline.  At  about  200-210°  cane- 
sugar  loses  water,  and  is  gradually  converted  into  a brown 
mass  called  caramel , which  is  largely  used  for  colouring 
liqueurs,  soups,  gravies,  &c. 

Warm  concentrated  sulphuric  acid  chars  cane-sugar ; if  a 
strong  aqueous  solution  of  sugar  be  mixed  with  an  equal 
volume  of  concentrated  sulphuric  acid,  the  sugar  blackens 
and  the  carbonaceous  product  swells  up  enormously,  owing  to 
i the  evolution  of  steam,  carbon  dioxide,  sulphur  dioxide,  and 
other  gases. 

Cane-sugar  is  dextrorotatory — that  is,  its  solutions  have  the 
I property  of  rotating  the  plane  of  polarisation  of  light  to  the 
I right*  and  the  strength  of  a solution  of  sugar  may  be  esti- 
t mated  by  determining  the  amount  of  rotation  which  it  causes. 
The  apparatus  used  for  this  purpose  is  called  a saccharimeter, 
and  the  operation  itself,  saccliarimetry. 

If  a trace  of  a mineral  acid  be  added  to  a solution  of  cane- 
sugar,  and  the  liquid  warmed  or  simply  allowed  to  stand,  the 

* [a]n=  + 66-5°.  For  a description  of  the  action  of  sugar  solutions  on 
I polarised  light,  works  on  physics  must  he  consulted. 
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cane-sugar  is  hydrolysed,  with  formation  of  equal  quantities  of 
dextrose  (see  below)  and  levulose  (p.  265), 

+ H.,0  = C3lf  I2Og  + C6H120g. 

Dextrose.  Levulose. 

This  process  is  usually  called  inversion,  and  the  mixture  of 
dextrose  and  levulose  is  called  invert  sugar.  Invert  sugar 
comes  into  the  market  as  a somewhat  brownish-coloured  mass, 
and  is  extensively  used  in  the  manufacture  of  preserves,  con- 
fectionery, &c.,  as  well  as  for  the  preparation  of  alcohol. 
Prolonged  boiling  with  hydrochloric  acid  (sp.  gr.  1-1)  con- 
verts cane-sugar  into  levulinic  acid  (p.  196). 

Cane-sugar  does  not  reduce  Fehling’s  solution  (p.  263), 
and  it  does  not  directly  undergo  alcoholic  fermentation  with 
yeast ; when,  however,  it  is  left  for  some  time  in  contact  with 
yeast,  a ferment,  invertase,  which  is  present  in  the  yeast  converts 
it  into  dextrose  and  levulose,  and  then  alcoholic  fermentation 
sets  in.  When  boiled  with  acetic  anhydride  and  sodium 
acetate,  cane-sugar  is  converted  into  octaeetylsaccharuse , 
Ci2Hu03(C2H302)8,  and  therefore  contains  eight  hydroxyl- 
groups  ; its  constitution,  however,  has  not  yet  been  clearly 
established. 

Cane-sugar  combines  readily  with  certain  hydroxides,  such  as 
those  of  calcium,  barium,  and  strontium,  with  formation  of  metallic 
compounds  called  sacc/uirosates , in  which  one  or  more  of  the 
hydroxyl-groups  in  the  sugar  is  displaced  by  the  metal  or 
hydroxide.  These  saccharosates  are  produced  by  simply  mixing  the 
sugar  solution  with  the  metallic  hydroxide.  They  are  readily 
decomposed  by  much  water  and  by  carbon  dioxide  into  sugar  and 
the  hydroxide  or  carbonate  of  the  metal. 

Strontium  saccharosate,  C12H20(SrOH)2O]1,  is  a granular  substance 
of  great  commercial  importance,  owing  to  its  use  in  separating 
sugar  from  molasses  (p.  2(11). 

Dextrose,  CgH12Oc,  or  CH2(OH)-[CH-OH]*-CHU,  also 
known  as  glucose,  or  grape-sugar,  is  found  in  large  quantities 
in  grapes — hence  its  name,  grape-sugar  ; when  the  grapes  are 
dried  in  the  sun,  in  the  preparation  of  raisins,  the  dextrose 

* Compare  foot-uote,  p.  134. 
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in  the  juice  is  deposited  in  hard,  brownish-coloured  nodules. 
Dextrose  is  more  frequently  met  with  associated  with  levu- 
lose  as  invert  sugar,  mixtures  of  these  sugars  occurring  in 
the  juice  of  a great  many  sweet  fruits,  and  also  in  the  roots 
and  leaves  of  plants,  and  in  honey.  Pure  dextrose  may  he 
prepared  from  cane-sugar  by  inversion  with  acids,  and 
recrystallisation  of  the  product  (invert  sugar)  from  alcohol, 
when  the  more  readily  soluble  levulose  remains  in  solution. 

Alcohol  (1  litre,  90  per  cent.)  is  mixed  with  concentrated  hydro- 
chloric acid  (40  c.c. ),  heated  at  about  50°,  and  powdered  cane-sugar 
(350  grams)  added  in  small  portions,  the  whole  being  well  stirred 
during  the  operation.  The  mixture  is  now  kept  for  two  hours  at 
this  temperature,  then  allowed  to  cool,  and  crystallisation  promoted 
by  stirring,  or,  better,  by  the  addition  of  a crystal  of  dextrose.  After 
some  days  the  crystals  are  collected  and  purified  by  recrystallisa- 
tion from  80  per  cent,  alcohol. 

Dextrose  crystallises  with  1 mol.,  H20,  in  warty  masses 
which  melt  at  86°,  the  anhydrous  substance  melting  at  146° ; it 
is  almost  insoluble  in  absolute  alcohol,  but  soluble  in  about  its 
own  weight  of  water  at  ordinary  temperatures,  the  solution 
being  less  sweet  than  that  of  cane-sugar.  It  is  not  carbonised 
when  gently  warmed  with  sulphuric  acid  (distinction  from 
cane-sugar) ; its  solutions  are  dextrorotatory,*  hence  the  name 
dextrose. 

Dextrose  is  a strong  reducing  agent,  and  quickly  pre- 
I cipitates  gold,  silver,  and  platinum  from  solutions  of  their 
i salts  on  warming.  If  a solution  of  dextrose  bo  mixed  with 
potash,  and  then  copper  sulphate  added,  a deep  blue  solution 
j is  obtained,  and  on  gently  warming,  a bright  red  precipitate 
of  cuprous  oxide,  Cu20,  is  deposited,  the  solution  becoming 
I colourless  if  sufficient  dextrose  be  added ; as,  moreover,  a 
i given  quantity  (1  molecule)  of  dextrose  always  reduces  exactly 
| the  same  quantity  (approximately  5 molecules)  of  cupric  to 
I cuprous  oxide,  this  behaviour  affords  a method  of  estimating 
sugar  by  simple  titration. 

The  solution  used  for  this  purpose  is  known  as  Fehlitig'x  solution , 
j and  as  it  decomposes  on  keeping,  it  is  best  prepared  as  required  by 

* [aju  = + 5 2 -5°. 
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mixing  equal  quantities  of  the  following  solutions  : (1)  34-6  grams 
of  crystallised  copper  sulphate,  made  up  to  500  c.c.  with  water; 
(2)  173  grams  of  Rochelle  salt,  and  00  grams  of  sodium  hydrate, 
made  up  to  500  c.c.  with  water.  10  c.c.  of  the  deep  blue  solution 
thus  obtained  are  completely  reduced — that  is,  the  colour  discharged 
— by  0-05  gram  of  dextrose,  or  by  0-0475  gram  of  cane-sugar  (after 
inversion). 

Dextrose  ferments  readily  with  yeast  in  dilute  aqueous 
solution  at  a temperature  of  about  20-30°,  yielding  principally 
alcohol  and  carbon  dioxide, 

CeH12O0  = 2C2H60  + 2COa, 

but  at  the  same  time  fusel-oil  and  small  quantities  of 
glycerol,  succinic  acid,  and  other  substances  are  formed. 

Like  cane-sugar,  dextrose  readily  combines  with  certain 
metallic  hydroxides,  forming  glucosates,  such  as  calcium 
glucosate,  C6Hn(Ca0H)06,  and  barium  glucosate, 
C6H11(Ba0H)06  ; these  compounds  are  readily  soluble  in 
water,  and  are  decomposed  by  carbonic  acid,  with  regeneration 
of  the  sugar. 

Dextrose  has  the  properties  of  an  aldehyde,  and  at  the 
same  time  those  of  a polyliydric  alcohol;  its  constitution  may 
be  expressed  by  the  formula 

CH,(OH)-CH(OH)-CH(OH)-CIi(UH)-CH(OII)-CHO, 
which  is  based  on  a number  of  facts,  only  a few  of  which 
can  be  given  here. 

On  reduction  with  sodium  amalgam  in  aqueous  solution,  it 
is  converted  into  the  primary  alcohol,  mannitol, 

CH.,(OH)-[CH-OH]4-CHO  + 2H  = 

CII2(OH)[CHOH]4-CH2-OH ; 

whereas,  when  oxidised  with  bromine  water,  it  yields  gluconic 
acid,  CH2(OH)-[CH-OH]4-COOH.  These  changes  are  clearly 
analogous  to  those  undergone  by  acetaldehyde,  and  the  fact 
that  gluconic  acid  contains  the  same  number  of  carbon 
atoms  as  dextrose,  shows  that  the  latter  is  an  aldehyde 
and  not  a ketone  (p.  139).  Powerful  oxidising  agents, 
such  as  nitric  acid,  convert  dextrose  into  saccharic  acid, 
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COOH-[CH-OH]4-COOH,  the  -CH,-OH  group,  as  well  as 
the  -CHO  group,  undergoing  oxidation ; ultimately  it  is 
resolved  into  oxalic  acid.  Dextrose,  like  other  aldehydes, 
interacts  readily  with  hydroxylamine  and  with  phenylhydrazine, 
with  formation  of  the  oxime,  CH2(OH)-[GH-OH]4-CH:NOH, 
and  the  hydrazone  (p.  133), 

CH2(OH)-[CH-OH]4-CH:N2H-C0H5. 

Dextrose  gives  a pentacetyl  derivative,  C5H8(C2H302)5-GH0, 
when  warmed  with  acetic  anhydride  and  a little  zinc  chloride, 
showing  that  it  contains  live  hydroxyl-groups. 

Levulose,  C6H1206,  or  CH.,(OH)-[CH-0H]3-C0*CH2d ) 1 1, 
also  called  fructose,  or  fruit-sugar,  occurs,  together  with 
dextrose,  in  most  sweet  fruits  and  in  honey ; it  may  be 
prepared  from  invert  sugar  by  taking  advantage  of  the 
fact  that  its  lime  compound  is  sparingly  soluble  in  water, 
whereas  that  of  dextrose  is  readily  soluble. 

Invert  sugar  (10  grams)  is  dissolved  in  water  (50  c.c.),  the  solution 
well  cooled  with  ice,  and  slaked  lime  (6  grains)  added  in  small 
quantities  at  a time,  with  constant  stirring.  The  sparingly  soluble 
lime  compound  of  levulose  is  collected  on  a filter,  washed  with  a 
little  water,  well  pressed,  and  then  decomposed  by  suspending  it  in 
water,  and  passing  carbon  dioxide  ; tbe  filtrate  yields,  on  evapora- 
tion, nearly  pure  fructose  as  a transparent,  uncrystallisable  syrup. 

Pure  crystallised  levulose  is  prepared  from  inulin, 
(GgHioOj),!,  a starch  which  occurs  in  many  plants,  and 
especially  in  dahlia  tubers ; for  this  purpose  the  inulin  is 
simply  boiled  with  dilute  sulphuric  acid, 

(GgHjoOg)^  + «H20  = hG6H1sO, 

An  aqueous  solution  of  inulin  is  heated  on  a water-bath  for  one 
hour,  with  a few  drops  of  sulphuric  acid  ; the  sulphuric  acid  is  then 
removed  by  precipitation  with  barium  hydroxide,  and  the  solution 
evaporated  at  80°.  On  the  addition  of  a crystal  of  levulose  the 
syrup  slowly  solidifies,  and  the  crystals  may  then  be  purified  by 
recrystallisation  from  alcohol. 

Levulose  separates  from  alcohol  in  small  hard  crystals,  and 
melts  at  95°  ; it  is  more  soluble  in  water  and  alcohol  than 
dextrose,  and  its  taste  is  just  about  as  sweet  as  that  of  the 
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latter.  Levulose  is  levorotatory* — lienee  its  name  ; it  rotates 
the  plane  of  polarisation  to  the  left  to  a somewhat  greater 
extent  than  dextrose  to  the  right — hence  invert  sugar,  which 
consists  of  equal  parts  of  dextrose  and  levulose,  is  slightly 
levorotatory.  When,  therefore,  a solution  of  cane-sugar, 
which  is  dextrorotatory,  is  boiled  with  acids,  the  resulting 
solution  of  invert  sugar  is  levorotatory — that  is  to  say,  the 
direction  of  the  rotation  has  been  reversed  or  ‘inverted.’ 

Levulose  ferments  with  yeast,  but  less  rapidly  than 
dextrose,  consequently,  in  fermenting  a solution  of  invert 
sugar,  the  dextrose  is  decomposed  first,  and  the  operation  can 
be  stopped  at  a point  when  the  solution  contains  only  levulose  ; 
by  the  further  action  of  yeast,  however,  the  levulose  also 
undergoes  fermentation,  yielding  the  same  products  as 
dextrose  (p.  264). 

Levulose  has  even  stronger  reducing  powers  than  dextrose, 
and  reduces  Fehling’s  solution  more  rapidly,  although  to 
exactly  the  same  extent  as  dextrose  ; this  behaviour  is  due  to 
the  presence  of  the  group  -CO-CIL.-OH,  as  all  substances 
(ketonic  alcohols)  which  contain  this  group  are  strong  reducing 
agents. 

Levulose  has  the  properties  of  a ketone,  as  well  as  those  of 
a polyhydric  alcohol,  and  its  constitution  may  be  expressed  by 
the  formula 

CH;,(OH)-CH(OH).CH(OH)-CH(OH)-CO-CH;!-OH. 

It  is  reduced  by  sodium  amalgam  in  aqueous  solution  more 
readily  than,  dextrose,  mannitol  being  formed, 
CH.)(OH)-[Cl:LOH]3-CO-CH.,-OH  + 2H  = 

° CH2(OH).[CH-OH]3-CH(OH).CH2.OH, 
just  as  acetone,  under  similar  treatment,  yields  isopropyl 
alcohol.  When  oxidised  with  nitric  acid  or  bromine  water, 
it  yields  tartaric  acid  and  glycollic  acid, 

CHo(OH)-CH(OH)-CH(OH)-CH(OH)-  CO-CIL-OII  + 40  = 

COOH-CH(OIi)-CH(OH)-COOH  + COOHCH,-OH  + H,0; 

*[a]D  = -93  . 
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whereas,  when  boiled  with  mercuric  oxide  in  aqueous  solution, 
it  is  oxidised  to  trihydroxybutyric  acid  and  glycollic  acid, 


CH2(OH)-CH(OH)-CH(OH).CH(OH)-;CO-CH2.OH  + 20  = 
CH,(OH)  ■ C H (OH)  • CH(OH)  • COOH  + COO  II  • CH,  • OH. 


This  behaviour  shows  that  levulose  is  a ketone,  and  not  an 
aldehyde  ; it  does  not,  like  dextrose,  yield,  on  oxidation,  an 
acid  containing  the  same  number  of  carbon  atoms,  but  is 
decomposed  in  a variety  of  ways  which  throw  considerable 
light  on  its  constitution. 

Levulose,  like  other  ketones,  interacts  with  hydroxylamine 
(yielding  the  oxime,  CH2(OH) •[CH-OH]3-C(ISTOH)-CH2-OH), 
and  with  phenylhydrazine ; it  also  combines  directly  with 
hydrocyanic  acid.  When  digested  with  acetic  anhydride  and 
zinc  chloride,  levulose  yields  a pentacetyl  derivative, 
CgH70(C2H30.2)5,  a fact  which  shows  that  it  contains  five 
hydroxyl-groups. 

Dextrose  and  levulose  have  recently  been  prepared  syn- 
thetically from  formaldehyde  and  also  from  glycerol.  When 
an  aqueous  solution  of  formaldehyde  is  treated  with  milk  of 
lime  at  ordinary  temperatures,  a sugar-like  substance  called 
form  Ode  (or  methylenitan)  is  produced.  Formose  consists  of 
a mixture  of  various  sugars  of  the  composition  C0H1.,O0,  pro- 
duced by  the  polymerisation  of  formaldehyde, 

6CH,0  =.  C8li1206. 

from  this  mixture  E.  Fischer  isolated  a sugar  which  he  called 
a-acrose,  and  from  which,  by  a series  of  operations,  too 
numerous  to  discuss  here,  he  succeeded  in  preparing  both 
dextrose  and  levulose. 


Action  oj  Phenylh ydrazine  on  Dextrose  ( Glucose ) awl 
Lean  lose  (Fructose). 

W lien  the  sugars  glucose  and  fructose  arc  treated  with  phenyl- 
hydiazine  (1  mol.),  they  yield  hydrazones,  just  as  do  other 
aldehydes  and  ketones, 
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*MCH(OH).CHO  + C„H5-NH.NHs  = 

Glucose-  MCH(OH)-CH:N„HC,;H5  + HoO. 

Glucosephenylhydrazone. 

MCOCH„OH  + CgHj-NH-NH;,  — M-C(N2HC6H5)-CH2-OH  + H,0. 

Fructose.  Fructosephenylhydrazonc. 

Tlie.se  hydrazones,  when  heated  with  excess  of  pheuylhydrazine, 
undergo  oxidation,  the  — CH-OH  group  of  the  one  and  the 
— CHo-OH  group  of  the  other  being  transformed  into  —CO  and 
— CHO  respectively  by  loss  of  hydrogen,  some  of  the  phenyl- 
hydrazine  being  reduced  to  aniline  (part  ii. ) and  ammonia, 

CKH5.NHNH.,  + 2H  = CbH5-NHo  + NH3. 

These  oxidation  products  of  the  hydrazones  then  combine  with  a 
second  molecule  of  phenylhydrazine,  with  formation  of  osazones, 

MCH(OH)-CH:N..HC6H5  M-COCH:N.,HC(!H5 

M-C(N.,HC8H5)-CH,-OH  M-C(N2HC6H5)-CHO 

Hydrazones.  Intermediate  Oxidation  Products. 

M-C(N.,HC8H5)-CH:N2HC(iH5. 

Osazone. 

Although  the  hydrazones  of  glucose  and  fructose  are  quite  distinct 
substances,  they  yield  one  and  the  same  osazone ; this  fact  proves 
that  the  two  sugars  differ  in  constitution  only  as  regards  the  two 
terminal  groups. 

Many  other  sugars  show  a similar  behaviour,  and  yield  hydra- 
zones and  osazones  according  as  1 mol.  or  excess  of  phenylhydrazine 
is  employed.  The  hydrazones  are  usually  readily  soluble  in  water, 
but  the  osazones  are  only  sparingly  soluble  ; the  latter  are  there- 
fore of  the  greatest  service,  not  only  in  the  detection  and  identifica- 
tion of  a sugar,  but  also  as  offering  a means  of  isolating  it  from  a 
mixture. 

When  treated  with  strong  hydrochloric  acid,  the  osazones  are 
decomposed  with  separation  of  phenylhydrazine  hydrochloride, 
and  formation  of  osones,  substances  which  contain  the  group 
— CO -CHO,  and  which  are  therefore  both  ketones  and  aldehydes, 

M-C(N2HC0HB)-CH:NoHCaH5  + 2HC1  + 2H..0  = 

Glucosazone. 

M CO-CHO  + 2C,;Hr)NH  NH„,  HC1. 

Glucosone. 

As,  moreover,  osones  may  be  reduced  to  sugars  with  the  .aid  of 
zinc  dust  and  acetic  acid,  the  sugars  may  be  prepared  indirectly 

* The  group  CI-To(OH)-OH(OR)  CH(OH)-CH(OH)-,  which  takes  no  part 
in  the  reaction,  is  represented  by  M,  for  the  sake  of  clearness. 
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from  the  osazones.  A given  osazone  does  not,  however,  necessarily 
yield  the  sugar  from  which  it  was  derived  ; glucosazone,  for 
example,  yields  first  glucosone  and  then  fructose  (the  group 
— CO-CHO  in  the  osone  being  converted  into  — CO-CH2-OH), 

M-CO  CHO  + 2H  =3  M CO  CHo  OH. 

Glucosone.  Fructose.  • 

This  series  of  reactions  affords,  therefore,  a means  of  converting 
glucose  into  fructose. 

Maltose,  C19H22On,  is  produced,  together  with  dextrin 
(p.  272),  by  the  action  of  malt  on  starch  ; this  change  may  be 
roughly  represented  by  the  equation 

3(C6H10O5)n  + nH,0  = «C12H22On  + «C6H10O6, 

and,  as  already  stated  in  describing  the  manufacture  of  alcohol 
; and  spirituous  liquors,  it  is  brought  about  by  an  unorganised 
ferment,  diastase , which  is  contained  in  the  malt. 

Preparation  of  Maltose. — Potato  starch  (1  kilo)  is  heated  with 
' water  (4  litres)  on  a water-bath  until  it  forms  a-  paste,  and  after 
cooling  to  60°,  malt  (6U  grams)  is  added,  the  mixture  being  kept  at 
I this  temperature  for  an  hour.  The  solution  is  then  heated  to  boil- 
ing, filtered,  and  evaporated  to  a syrup,  which  crystallises  on  the 
addition  of  a crystal  of  maltose  ; the  crude  substance  is  purified  by 
'washing  with  alcohol,  and  then  recrystallising  from  this  solvent. 

Maltose  crystallises  with  one  molecule  of  water  in  needles, 
and  is  very  soluble  in  water,  the  solution  being  strongly 
dextrorotatory;*  it  reduces  Folding's  solution,  but  only  about 
t two-thirds  as  much  as  the  same  weight  of  dextrose,  and 
t ferments  readily  with  yeast.  When  boiled  with  dilute 
sulphuric  acid,  it  is  eompletely  converted  into  glucose, 

C12H,2On  + H20  = 2C6K1208, 

| ia  change  which  indicates  that  maltose  is  an  anhydride  of  the 
latter. 

Maltose  combines  with  phenyl  hydrazine,  yielding  phenylmalt- 
osazone,  C , 2 H 9(  N 2H  C„  H 5 ) 2 , and  gives  with  acetic  anhydride  act- 

acctylmaltusc,  C,2Hu(C2H.,0.,)80;l. 

Milk-sugar,  or  lactose,  C]2H22On,  has  so  far  only  been 
* 0]D  = + 140-6°. 
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found  in  the  animal  kingdom.  It  occurs  in  the  milk  of  all 
mammals  to  the  extent  of  about  4 per  cent.,  and  is  obtained 
as  a bye-product  in  the  manufacture  of  cheese. 

When  milk  is  treated  with  rennet,  the  casein  separates,  and 
milk-sugar  remains  in  solution  ; on  evaporation,  the  crude 
sugar  is  deposited  in  crystals,  which  are  readily  purified  by 
recrystallisation  from  water. 

Milk-sugar  forms  large,  hard,  colourless  crystals,  which 
contain  one  molecule  of  water  of  crystallisation.  It  dissolves 
in  six  parts  of  water  at  ordinary  temperatures,  and  is  very 
much  less  sweet  than  cane-sugar';  it  is  dextrorotatory.*  It 
reduces  Fehling’s  solution  on  boiling,  but  much  more  slowly 
than  dextrose.  Like  cane-sugar,  it  does  not  ferment  with  pure 
yeast,  but  ordinary  yeast  decomposes  it  into  alcohol  and  lactic 
acid.  AVhen  oxidised  with  nitric  acid,  it  yields  a mixture  of 
saccharic  and  mucic  acids,  both  of  which  have  the  constitution 
COOH-[CH-OH]4-COOH,  and  which  differ  from  one  another, 
like  the  tartaric  acids,  in  their  action  on  polarised  light  (part 
ii.).  Milk-sugar  is  decomposed,  by  boiling  with  dilute  sul- 
phuric acid,  into  dextrose  and  galactose , 

C + H20  = CfiH12Ofl  + C0H,,,Or). 

Dextrose.  Galactose. 

Galactose,  CnH|20„,  or  CH2(OHHCHOIl]4-CHO,  is  formed  by 
the  hydrolysis  of  milk-sugar  (see  above),  together  with  dextrose, 
from  which  it  may  be  separated  by  crystallisation  from  water.  It 
is  also  formed  by  boiling  gum-arabic  and  other  gums  with  dilute 
sulphuric  acid. 

It  is  less  soluble  than  dextrose,  and  crystallises  from  water  in 
prisms,  which  melt  at  168°.  Its  solutions  are  strongly  dextro- 
rotatory,t and  ferment  readily  with  yeast.  When  oxidised  with 
nitric  acid,  it  yields  mucic  acid,  COOH-[CH-OH]4-COOH.  It  com- 
bines with  phenylhydrazine,  yielding  galactosazone, 

CH2(OH)-[CH.OHl,.C(N2HC„H,)-CH : NJTC,H, ; 

ami  on  reduction  with  sodium  amalgam  it  is  converted  into  the 
corresponding  alcohol,  dulcitol,  CII._,(On)-[CTT-OIf]4-Cir,rOH,  which 
is  isomeric  with  mannitol,  as  explained  later  (part  ii.). 

* [«]D  = + 52-53*.  + t“]n  = + 80-3°. 
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Starch,  or  amylum,  (CBHl0O5)n,  is  widely  disseminated 
throughout  the  vegetable  world,  and  is  found  in  almost  all  the 
organs  of  plants  in  the  form  of  nodules. 

It  occurs  in  large  quantities  in  all  kinds  of  grain,  as,  for 
example,  rice,  barley,  and  wheat,  and  also  in  tubers,  such  as 
potatoes  and  arrowroot.  In  Europe,  starch  is  manufactured 
principally  from  potatoes,  but  sometimes  also  from  wheat, 
maize,  and  rice. 

The  potatoes  are  well  washed,  crushed,  and  macerated  with  water 
in  fine  sieves,  when  the  starch  passes  through  with  the  water, 
leaving  a pulp,  consisting  of  gluten,  cellulose,  and  other  substances. 
The  milky  liquid,  on  standing,  deposits  the  starch  as  a paste, 
which  is  repeatedly  washed  by  decantation,  and  then  slowly 
dried. 

The  grain  is  first  softened  by  soaking  in  warm  water,  then 
ground  in  a mill,  and  the  product  run  into  a large  vat,  where  it  is 
allowed  to  undergo  lactic  fermentation.  During  this  process  the 
sugar  in  the  grain  is  converted  into  lactic,  butyric,  and  acetic  acids, 
and  the  gluten  (see  helow)  is  brought  into  a less  tenacious  condition, 
which  favours  the  subsequent  washing  of  the  starch,  an  opera- 
tion which  is  carried  out  in  the  manner  described  above,  the  crude 
starch  being  washed  by  decantation,  and  dried. 

Starch  is  a white  powder,  which,  when  examined  under  the 
microscope,  is  seen  to  be  made  up  of  peculiarly  striated 
granules,  having  a definite  shape  and  structure.  These 
granules  vary  very  much  in  appearance  and  in  size,  those 
composing  potato  starch  being  comparatively  large,  those  of 
wheaten  starch  considerably  smaller. 

Starch  is  insoluble  in  cold  water,  but  when  heated  with 
water,  the  granules  swell  up  and  then  burst.  The  contents  of 
the  cells,  or  the  r/rannlose,  dissolve,  but  the  cell-wall,  or  March 
cellulose,  is  insoluble,  and  remains  in  suspension. 

The  homogeneous,  gelatinous  mass  obtained  in  this  way  is 
called  starch  paste,  and  is  largely  used  for  stiffening  linen  and 
calico  goods,  and  also  as  a substitute  for  gum.  It  is  best 
prepared  by  rubbing  starch  into  a thin  paste  with  cold  water, 
and  then  adding  a considerable  quantity  of  boiling  water. 

Characteristic  of  starch  is  the  brilliant  blue  colour  which  is 
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produced  when  a solution  of  iodine  is  added  to  starch  paste, 
or  to  its  solution  in  water;  this  colour  disappears  on 
heating,  but  reappears  on  cooling. 

When  boiled  with  dilute  acids,  starch  is  first  converted  into 
dextrin  (C6H10O5)"',  and  then  into  dextrose , 

(CflHjoOj)*  + nU20  = «C0H12Ofl. 

Malt  extract,  containing  the  ferment,  diastase,  decomposes 
starch  at  60-7 0°,  with  formation  of  dextrin  and  maltose, 

3C6H10O5  + H20  = C6H10O5  + C12H22On, 

a process  which,  as  already  mentioned  (p.  98),  is  of  the 
utmost  importance  in  the  manufacture  of  alcohol  and 
spirituous  liquors  from  grain. 

The  empirical  formula  of  starch  is  CeH10O5 ; the  actual 
molecular  formula  has  not  as  yet  been  determined,  but  it  is 
undoubtedly  many  times  that  represented  by  the  empirical 
formula,  and,  therefore,  the  composition  of  starch  is  usually 
expressed  as  (C6H10O5),(. 

Gluten. — Wheaten  flour  contains  about  70  per  cent,  of  starch  and 
10  per  cent,  of  a sticky,  nitrogenous  substance  called  gluten.  An 
approximate  separation  of  these  two  constituents  may  be  brought 
about  by  kneading  flour  in  a thin  calico  bag  under  water,  when  the 
starch  passes  through  with  the  water,  forming  a milky  liquid,  from 
which  it  is  deposited  on  standing.  The  gluten  remains  in  the  bag 
as  a tenacious,  sticky,  gray  mass,  which  soon  decomposes  and  smells 
disagreeably. 

Both  starch  and  gluten  are  very  valuable  food  stuffs. 

Dextrin,  (C6H10O5)7l,  is  the  name  given  to  the  substance, 
or  mixture  of  substances,  obtained  as  an  intermediate 
product  in  the  conversion  of  starch  into  dextrose  (see 
above).  It  is  produced  on  heating  starch  to  about  210°,  or 
on  treating  it  with  dilute  acids  or  infusion  of  malt. 

Dextrin  is  a colourless,  amorphous  substance,  soluble  in 
water,  and  is  largely  used  as  a cheap  substitute  for  gum ; 
when  boiled  with  dilute  acids,  it  is  converted  into  dextrose. 
It  is  probably  a mixture  of  various  isomeric  substances  of  the 
empirical  formula  C„Hl0O5. 
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Cellulose,  (C0H10O5),l,  like  starch,  occurs  very  widely  distrib- 
uted throughout  the  vegetable  kingdom.  It  is  the  principal 
i constituent  of  cell  membrane  and  of  wood,  and  constitutes 
indeed  the  framework  of  all  vegetable  tissues. 

Linen,  cotton-wool,  hemp,  and  flax,  which  have  been  freed 
I from  inorganic  matter  by  repeated  extraction  with  acids, 

< consist  of  almost  pure  cellulose ; an  even  purer  form 
i may  be  obtained  by  extracting  Swedish  filter-paper  with 
hydrofluoric  acid,  in  order  to  remove  traces  of  silica,  washing 
• well  with  water,  and  drying  at  100°. 

Cellulose  is  insoluble  in  all  the  ordinary  solvents,  but  it 
dissolves  in  an  ammoniacal  solution  of  cupric  oxide 
(Schweitzer’s  reagent).  It  is  reprecipitated  from  this  solution 
on  the  addition  of  acids,  in  the  form  of  a jelly,  which,  when 
' washed  with  water  and  dried,  is  obtained  in  the  form  of  a 
. grayish  powder. 

Concentrated  sulphuric  acid  gradually  dissolves  cellulose, 
and  if  the  solution  be  diluted  with  water  and  boiled,  dextrin 
and  ultimately  dextrose  are  produced.  It  is  thus  possible  to 
convert  wood  into  sugar,  and  indirectly  into  alcohol. 

If  unsized  paper  be  subjected  to  the  action  of  sulphuric 
acid  for  a few  seconds,  then  washed  with  water  and  dilute 
ammonia,  and  again  with  water,  it  is  converted  into  a tough 
substance  called  parchment  paper  on  account  of  its  resem- 
blance to  parchment.  Such  paper  serves  as  a convenient 
substitute  for  animal  membrane,  and  is  used  for  a variety  of 
purposes. 

Cellulose  gives  on  analysis  results  agreeing  with  the  formula 
CgHioOg,  but  its  molecular  weight  is  certainly  very  much 
greater  than  that  expressed  by  this  formula,  and  probably  very 
much  higher  than  that  of  starch.  Its  formula  is,  therefore, 
generally  written  (C0II10O5)n,  or,  more  frequently,  (C12H20O10))t. 

It  contains  ten  hydroxyl-groups,  because  when  heated 
with  acetic  anhydride  and  a trace  of  zinc  chloride,  it  yields 
cellulose  decacetate,  C12H10(C2HaO2)10,  a white  flocculent 
mass,  which  is  reconverted  into  cellulose  by  alkalies. 

H 


274 


THE  CARBOHYDRATES. 


Gun-cotton  and  Collodion. — When  cotton-wool  is  treated 
with  nitric  acid,  or,  better,  with  a mixture  of  nitric  and  sul- 
phuric acids,  nitrates  of  cellulose  of  variable  composition  are 
produced,  according  to  the  amount  and  concentration  of  the 
acids  employed,  and  the  length  of  time  during  which  they  are 
allowed  to  act. 

If  cotton-wool  be  soaked  in  ten  parts  of  a mixture  of  one 
part  of  nitric  acid  (sp.  gr.  1 -5)  and  three  parts  of  concentrated 
sulphuric  acid  for  twenty-four  hours,  the  resulting  mass,  after 
thoroughly  washing  and  drying,  constitutes  gun-cotton.  This 
substance  has,  approximately,  the  composition  C12H14(N03)604, 
and  is,  therefore,  cellulose  liexa-nitrate.  It  is  insoluble  in  a 
mixture  of  alcohol  and  ether. 

When  treated  with  nitric  and  sulphuric  acids  for  a short 
time  only,  cellulose  is  converted  principally  into  tetra-nitrate, 
Ci2H10(NO3)4O6,  and  penta-nitrate,  Ci2Hi5(N03)5°5>  both  of 
which  dissolve  in  a mixture  of  alcohol  and  ether ; a solution 
of  14  grams  of  the  mixed  nitrates  in  450  c.c.  of  alcohol  and 
550  c.c.  of  ether  constitutes  collodion,  which  is  largely  used 
for  photographic  and  other  purposes. 

The  nitrates  of  cellulose  are  decomposed  by  alkalies,  yielding 
nitrates  of  the  alkalies  and  cellulose ; they  are,  therefore,  true 
ethereal  salts. 


SUMMARY  AND  EXTENSION. 

The  carbohydrates  are  usually  subdivided  into  the  following 
groups  : 

The  saccharoses  or  nionoses. 

The  disaccharoses  or  bioses. 

The  polysaccharoses  or  polyoses. 

The  saccharoses,  as,  for  example,  dextrose,  levulose,  and  galactose, 
have  the  composition  C0H12O(j.  They  all  resemble  dextrose  more 
or  less  closely  in  ordinary  physical  properties,  reduce  Fehlings 
solution,  and  usually  undergo  alcoholic  fermentation  with  yeast ; 
they  are  not  resolved  into  simpler  substances  on  treatment  with 
dilute  acids. 

The  disaccharoses,  such  as  cane-sugar,  milk-sugar,  and  maltose, 
have  the  composition  C^H^Ou.  From  their  behaviour  under  various 
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i -conditions,  move  especially  with  dilute  mineral  acids,  they  must  be 
jjaegarded  as  composed  of  2 mols.  of  identical  or  of  different  sac- 
I'bharoses,  less  1 mol.  of  water— that  is  to  say,  they  are  anhydride 
or  ether  like  derivatives  of  the  saccharoses.  Cane-sugar,,  for 
Example,  is  an  anhydride  or  ether-like  substance  formed  from  1 
llmiol.  of  dextrose  and  1 mol.  of  levulose,  whereas  milk-sugar  is 
’derived  from  dextrose  and  galactose  in  a similar  manner.  With  the 
exception  of  maltose,  the  disaccharoses  .are  not,  as  a rule,  directly 
(fermentable  with  yeast  (compare  cane-sugar),  nor  do  they  immedi- 
ately reduce  Fehling’s  solution,  as  in  both  cases  they  must  first 
:be  converted  into  saccharoses  by  hydrolysis. 

The  polysaccharoses,  such  as  starch  and  cellulose,  have  the  com- 
>position  (C6H10O5)n,  and  are  much  more  complex  than  the  disacchar- 
oses,  as  is  shown  by  their  behaviour  on  hydrolysis  ; starch,  for 
■example,  yields,  under  certain  conditions,  not  only  maltose, 
but  also  dextrin,  a compound  which  has  itself  a very  high 
(molecular  weight,  so  that  the  molecule  of  starch  must  be  highly 
complex.  The  high  molecular  weight  of  the  polysaccharoses,  corn- 
spared  with  the  saccharoses  and  disaccharoses,  is  also  indicated  by 
Itheir  general  physical  properties,  as,  for  example,  their  insolubility 
and  their  non-crystalline  character.  The  poly  saccharoses  do  not 
ferment  with  yeast,  and  do  not  reduce  Fehling’s  solution. 

The  constitutions  of  the  members  of  the  carbohydrate  group  have 
■ been  ascertained  only  in  the  case  of  some  of  the  saccharoses,  and 
even  here  the  facts  are  sometimes  not  quite  conclusive.  That  the 
-saccharoses  are  either  aldehydes  (aldoses)  or  ketones  (ketoses),  is 
-shown  by  their  behaviour  on  oxidation  and  reduction,  and  also  by 
the  fact  that  they  interact  with  phenylhydrazine,  hydroxylamine, 
a&c.  ; that  they  contain  hydroxyl-groups  is  proved  by  their  conversion 
'into  acetyl-derivatives  (and  in  the  case  of  the  polysaccharose, 
cellulose,  by  its  conversion  into  various  nitrates). 

The  constitutions  of  the  saccharoses  are  further  determined  by  a 
method  which  was  worked  out  by  Kiliani,  and  which  is  based  on 
the  following  reactions  : The  saccharoses,  like  the  simpler  aldehydes 
’.and  ketones,  combine  directly  with  hydrocyanic  acid,  forming 
cyanohydrins  (p.  139), 

M-CHO  + HCN  = MCH(OH).CN 

MCO-CHn-OH  + IICN  = M-C(OH)(CN)-CH2.OH, 

and  these  products  are  converted  into  polyhvdric  acids  on  hydro- 
| lysis  with  a mineral  acid, 

MCH(OH)-CN  + 2II20  = M-CH(OH).COOH  + NH, 
’MC(OH)(CN).CH2-OH  + 2H20  = M-C(OH)(COOII)-CH2.OH+NHs. 
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When  these  polyhydric  acids  are  heated  at  a high  temperature 
with  a large  excess  of  hydriodic  acid  and  a little  amorphous 
phosphorus,  all  the  hydroxyl-groups  in  the  molecule  are  displaced 
by  hydrogen  atoms— that  is  to  say,  complete  reduction  of  all  the 
>CH-OH  and  — CH„OH  groups  is  effected,  and  a fatty  .acid  is 
obtained.  In  the  case  of  the  polyhydric  acid  prepared  from  glucose 
cyanohydrin,  this  change  is  represented  by  the  equation 

CH,(OII)[CHOH]4CH(OH)COOH  + 12  H I = 

CH:,[CHo]j-CH2-COOH.  + 6H..0  + 6I„, 
and  normal  heptylic  acid  is  obtained ; whereas  on  reducing  the 
corresponding  polyhydric  acid  prepared  from  levulose  cyanohydrin, 
methyl butylacetic  acid,  an  isomeride  of  normal  heptylic  acid,  is 
formed, 


CH.j(OH)[CHOH]3-C(OH)(COOH)CH.,-OH  + 12HI  = 

CHa-[CH2VCH(COOH).CH3  + GH,0  +61,. 

These  facts  show  that  dextrose  is  an  aldehyde  and  a derivative 
of  normal  hexane.  Had  it  been  a ketone,  the  polyhydric  acid  pro- 
duced from  it  could  not  have  contained  the  group  — CH(OH)-COOH, 

but  must  have  contained  the  group  CH(OH)/C(01I)-C00H ; 

this,  on  reduction,  would  have  been  transformed  into 


^23>ch-cooh, 

■ v.  IT  o 

and  consequently  the  fatty  .acid  finally  produced  would  not  have 
been  normal  heptylic  acid,  but  one  of  its  isomerides.  In  a similar 
manner,  the  conversion  of  levulose  into  methylbutylacetie  acid, 
taken  in  conjunction  with  other  facts,  shows  that  this  sugar  is  a 
ketone  and  not  an  aldehyde,  and  that  its  constitution  is  expressed 
by  the  formula  already  given  (p.  265).  In  addition  to  this  evidence, 
the  fact  that  dextrose  and  levulose  may  be  converted  into  man- 
nitol, shows  them  to  be  derivatives  of  normal  hexane. 


CHAPTER  XVI. 

CYANOGEN  COMPOUNDS. 

The  cyanogen  compounds,  like  the  carbohydrates,  do  not 
form  a natural  group  or  series,  such  as  that  of  the  paraffins, 
alcohols,  fatty  acids,  &c. ; nevertheless  (with  the  exception  of 
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uurea  and  uric  acid)  they  may  all  be  considered  as  derived  from 
i cyanogen,  (CX)2,  just  as  the  chlorides,  hypochlorites,  &c., 
nmay  be  regarded  as  derivatives  of  chlorine,  Cl2.  In  many 
■ cases  the  cyanogen  compounds  are  closely  related  to  the 
■.'compounds  of  chlorine  in  properties,  although  they  differ 
ffrom  the  latter  in  composition,  and  contain  the  monovalent 
group  of  atoms  -CX  in  the  place  of  a single  atom  of  chlorine, 
—Cl,  as  shown  by  the  following  examples  : 

Cl,,  IICl,  KC1,  AgCl,  HgCl„  HOC1,  C2H5C1 

(CX")2,  HCN,  KCX,  AgCX,  Hg(CX)2,  TIO-CX,  C2H5-CX. 

TThis  fact  brings  out  very  clearly  the  meaning  of  the  term 
‘radicle,’  the  monovalent  group  -C X * playing  much  the 
-same  part  as  the  atom  of  chlorine,  just  as  the  radicle  ammonium 
imay  play  the  part  of  a single  atom  of  an  alkali  metal. 

Cyanogen,  dicyanogen,  C2X2,  or  Cy2,  or  XzEC — C — X,  is 
[produced  in  small  quantities  when  the  electric  arc  passes 
i between  carbon  poles  in  an  atmosphere  of  nitrogen, 

2C  4-  X,  = C2X, ; 

also  when  ammonium  oxalate  is  strongly  heated, 

XH(OOC-COOXH4  = X=C— C=N  + 4H,0, 

a reaction  of  considerable  interest,  as  it  shows  that  cyanogen 
is  the  nitrile  (p.  280)  of  oxalic  acid. 

Cyanogen  is  prepared  by  heating  silver  cyanide  or  mercuric 
cyanide  (p.  282)  in  a hard  glass  tube,  the  gas  being  collected 
over  mercury, 

Hg(CN)2  = Hg  + C,N,. 

During  the  operation  a considerable  quantity  of  a brown 
(amorphous  substance  called  paraajanngan,  (CX)(l,  is  produced ; 
this  compound  is  a polymeride  of  cyanogen,  and  when  heated 
at  a high  temperature  it  is  completely  resolved  into  cyanogen 
-gas,  just  as  paraformaldehyde  is  converted  into  formaldehyde 
under  like  conditions. 

Cyanogen  is  a colourless  gas,  which  condenses  to  a liquid 

* l'lie  cyanogen  radicle  -CN  is  often  written  Cy. 
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at  ordinary  temperatures  under  a pressure  of  four  atmo- 
spheres ; it  has  a peculiar  smell,  is  excessively  poisonous,  and 
burns  with  a characteristic  purple  or  peach-coloured  flame, 
yielding  carbon  dioxide  and  nitrogen. 

It  is  moderately  soluble  in  water,  readily  in  alcohol,  but  its 
aqueous  solution  soon  decomposes,  a brown  amorphous  pre- 
cipitate (‘azulmic  acid’)  being  deposited;  the  solution  then 
contains  ammonium  oxalate  and  other  substances. 

When  an  aqueous  solution  of  cyanogen  is  treated  with 
acids  or  with  alkalies,  oxalic  acid  or  an  oxalate  is  produced, 

NC=C— C=N  + 4H20  = NH4OOC-COONH4, 

this  change  being  the  reverse  of  that  which  occurs  when 
ammonium  oxalate  is  heated  alone. 

All  substances  which  contain  the  cyanogen  group  — CErN  behave 
in  a similar  manner,  and  are  converted  on  hydrolysis  into  carb- 
oxylic acids  or  their  salts,  amides  being  formed  as  intermediate 
products. 

Cyanogen  is  readily  absorbed  by  potash,  potassium  cyanide 
and  cyanate  being  produced, 

C2N2  +.  2KOH  = KCN  + KOCN  + H20, 

just  as  potassium  chloride  and  hypochlorite  are  formed  when 
chlorine  is  led  into  potash, 

Cl2  + 2KOH  = KC1  + IvOCl  + H20. 

Derivatives  of  Cyanogen. — Cyanogen  chloride,  CNC1,  is  formed 
by  the  action  of  chlorine  on  a solution  of  hydrocyanic  acid, 

HCN  + Cl„  = CNC1  + HC1. 

It  is  a colourless,  very  poisonous  liquid,  boils  at  15-5°,  and  readily 
undergoes  spontaneous  polymerisation,  yielding  cyanuric  chloride, 
C3NjC13,  a solid  substance  which  melts  at  146°,  and  is  decomposed 
by  alkalies,  yielding  cyanuric  acid, 

C3N3C13  + 3H..0  = C3N3(OH)3  + 3HC1. 

The  corresponding  bromo-  and  iodo-  derivatives  of  cyanogen, 
CNBr  and  CNI,  are  also  known. 

Hydrocyanic  acid  (prussic  acid),  H — C==N,  is  found  in 
the  free  state  in  plants,  sometimes  in  considerable  quantities; 
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more  frequently  it  occurs  in  combination  with  glucose  and 
1 oenzaldehyde  in  the  form  of  the  glucoside  amygdalin  (part  ii.). 
j] Bitter  almonds  and  cherry  kernels  contain  this  glucoside; 
when  macerated  and  kept  in  contact  with  water,  fermentation 
-soon  sets  in,  due  to  the  presence  of  a ferment,  emulsin,  and 
tbhe  amygdalin  is  decomposed  into  hydrocyanic  acid,  benzal- 

I lehyde  (part  ii.),  and  glucose, 

C,0H27NOn  + 2H20  = C7H0O  + HCN  + 2C6H12O0. 

Amygdalin.  Benzaldehyde.  Glucose. 

I Hydrocyanic  acid  is  formed  when  the  silent  electric  discharge 
:passes  through  a mixture  of  hydrogen  and  cyanogen, 

H2  + C2N2  = 2HCN; 

■and  also  when  ammonium  formate  is  heated,  a change  which 
is  analogous  to  the  formation  of  cyanogen  from  ammonium 
oxalate, 

HCOO^H4  = HCN  + 2H20. 

[Hydrocyanic  acid  is  prepared  by  distilling  potassium  cyanide, 
or,  more  usually,  potassium  ferrocyanide,  with  dilute  sulphuric 
aacid, 

KCN  + H0S04  = IvHS04  + HCN 
-2K4Fe(CN)6  + 3H2S04  = 6HCtf  + FeKFe(CN)6  + 3K2S04 ; 

Potassium  Ferrocyanide.  Ferric  Potassioferrocyauide. 

in  the  latter  reaction,  only  half  of  the  potassium  ferrocyanide 
[.yields  hydrocyanic  acid. 

Powdered  potassium  ferrocyanide  (10  parts)  is  mixed  with  con- 
centrated sulphuric  acid  (7  parts)  previously  diluted  with  water 
(10-40  parts,  according  to  the  desired  strength  of  the  hydrocyanic 
acid),  and  the  mixture  distilled  from  a retort  connected  with  a 
condenser.  The  anhydrous  acid  may  be  prepared  from  the  aqueous 
-solution  thus  obtained  by  fractional  distillation  and  dehydration 
over  calcium  chloride. 

Anhydrous  hydrocyanic  acid  is  a colourless  liquid ; it  boils 
at  26J,  and  solidifies  in  a freezing  mixture  to  colourless 
crystals,  which  melt  at  -14°;  it  has  an  odour  similar  to  that 
of  oil  of  bitter  almonds,  and  burns  with  a pale  blue  flame, 
with  formation  of  carbon  dioxide,  water,  and  nitrogen.  It  is 
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a terrible  poison,  very  small  quantities  being  sufficient  to 
cause  death. 

Hydrocyanic  acid  dissolves  readily  in  water,  but  the 
solution  rapidly  decomposes,  with  separation  of  a brown 
substance,  and  the  liquid  then  contains  ammonium  formate 
and  other  compounds, 

HCN  + 2H20  = HCOONH4. 

This  hydrolysis  takes  place  only  slowly  if  a trace  of  some 
mineral  acid  be  present,  more  quickly  if  the  solution  be 
heated  with  mineral  acids  or  alkalies. 

The  facts  that  hydrocyanic  acid  is  formed  on  heating  ammonium 
formate,  and  is  reconverted  into  this  substance  on  hydrolysis,  show 
that  it  is  the  nitrile  of  formic  acid.  On  reduction  with  nascent 
hydrogen,  hydrocyanic  acid  is  converted  into  methylamine, 

HCN  + 4H  = CH3-NH2. 

The  constitution  of  hydrocyanic  acid  is  expressed  by  the 
formula  H-C:N  for  the  following  reasons:  The  acid  is  pro- 
duced from  ammonium  formate,  by  a change  similar  to  that  by 
which  acetonitrile  is  formed  from  ammonium  acetate, 

H-COONH4  = H-CN  + 2H20 
CH3-COONH4  = CH3-CN  + 2H,0 ; 

when  heated  with  mineral  acids,  it  is  converted  into  formic 
acid,  just  as  methyl  cyanide  is  converted  into  acetic  acid, 

HCN  + 2H.,0  = H-COOH  + NH3 
CH3-CN  + 2 HoO  = CH3-COOH  + NH3. 

As,  moreover,  many  facts  show  that  the  methyl  group  in 
methyl  cyanide  and  in  acetic  acid  is  directly  united  with 
carbon,  it  is  very  probable  that  the  hydrogen  atom  in  hydro- 
cyanic acid  is  in  a similar  state  of  combination  (p.  286). 

Hydrocyanic  acid  is  the  nitrile  of  formic  acid,  or  rather  of 
ammonium  formate,  the  name  nitrile  being  given  to  those  com- 
pounds which  are  derived  from  ammonium  salts  by  the  elimination 
of  2 mols.  of  water.  The  fact  that  the  hydrogen  atom  in  hydro- 
cyanic acid,  like  that  in  hydrochloric  acid,  is  displaceable  by  metals, 
although  it  is  directly  united  with  carbon  (and  not  with  oxygen,  as 
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iin  the  CcT.se  of  the  carboxylic  acids),  is  accounted  for  by  the  close 
i similarity  between  — CN  and  —Cl,  both  of  which  have  acid-forming 
> or  electro- negative  properties. 

Hydrocyanic  acid  is  a feeble  acid,  and  scarcely  reddens  blue 
j I litmus.  It  forms  salts  with  the  hydroxides  (but  not  with  the 
carbonates)  of  potassium,  sodium,  and  many  other  metals;  the 
alkali  salts  are  decomposed  by  carbon  dioxide  with  liberation 
of  the  acid,  and  this  is  the  reason  why  potassium  cyanide,  for 
- example,  in  contact  with  moist  air,  always  smells  of  hydro- 
i cyanic  acid. 

Potassium  cyanide , ICON,  may  be  obtained  synthetically  by 
i j passing  nitrogen  into  a mixture  of  carbon  and  fused  potash, 
i and  by  burning  potassium  in  cyanogen.  It  is  prepared  on  a 
; large  scale  by  strongly  heating  potassium  ferrocyanide, 

K4Fe(CN)6  = 4ICCN  + FeC2  + N2 ; 

i i the  fused  product  is  filtered  through  hot,  porous  crucibles,  to 
free  it  from  finely-divided  iron  carbide,  and  then  cast  into 
1 sticks.  The  pure  salt  may  be  prepared  by  neutralising  hydro- 
j i cyanic  acid  with  pure  potash,  and  evaporating  the  solution 
} i out  of  contact  with  air. 

Potassium  cyanide  crystallises  in  colourless  plates,  and  is 
! very  readily  soluble  in  water,  but  nearly  insoluble  in  absolute 
i alcohol ; it  is  excessively  poisonous. 

Fused  potassium  cyanide  is  a powerful  reducing  agent ; it 
liberates  the  metals  from  many  metallic  oxides,  being  itself 
converted  into  potassium  cyanate, 

KCN  + PbO  = ICC  NO  + Pb, 

hence  its  use  in  analytical  chemistry  and  in  some  metallurgical 
operations. 

The  aqueous  solution  of  potassium  cyanide  gives,  with  silver 
nitrate,  a curdy  white  precipitate  of  silver  cyanide,  AgCN,  which 
is  insoluble  in  dilute  acids,  but  soluble  in  ammonia  and  potas- 
sium cyanide;  in  the  latter  case,  with  formation  of  the  soluble 
double  salt,  ICAg(CN).,,  which  is  used  in  electroplating.  Silver 
cyanide  is  thus  very  similar  in  its  properties  to  silver  chloride, 


282 


CYANOGEN  COMPOUNDS. 


from  which,  however,  it  differs  in  this,  that  when  heated,  it  is 
decomposed  completely  into  silver  and  cyanogen, 

2AgCN  = 2Ag  + C2N2. 

Mercuric  cyanide,  Hg(CAT)2,  is  prepared  by  dissolving 
mercuric  oxide  in  hydrocyanic  acid, 

HgO  + 2HCN  = Hg(CN)2  + H20. 

The  solution,  on  evaporation,  deposits  the  salt  in  colourless 
crystals,  which  are  moderately  soluble  in  water;  when  strongly 
heated,  the  salt  is  decomposed  into  mercury  and  cyanogen. 

The  detection  of  hydrocyanic  acid  or  of  a cyanide  is  usually 
based  on  the  following  tests : (a)  The  aqueous  solution  is 
made  strongly  alkaline  with  potash,  a few  drops  of  ferrous 
sulphate  added,  and  the  liquid  warmed ; potassium  ferro- 
cyanide  is  thus  formed,  and  on  acidifying  and  adding  ferric 
chloride,  a blue  colouration  or  precipitate  of  Prussian  blue  is 
produced.  ( b ) The  solution  is  mixed  with  a few  drops  of 
ammonium  sulphide,  and  evaporated  to  dryness  on  a water- 
bath  ; the  residue  contains  ammonium  thiocyanate,  and  on 
the  addition  of  ferric  chloride,  an  intense  blood-red  colouration 
is  produced. 

The  cyanides  of  many  of  the  metals,  like  many  of  the 
metallic  chlorides,  are  capable  of  forming  ‘ double  salts  ’ with 
the  compounds  of  other  metals.  Silver  cyanide,  for  instance,  is 
soluble  in  potassium  cyanide,  with  which  it  forms  a double 
salt  of  the  composition  AgK(CN)2 ; the  compound  KAu(CN)4 
may  be  obtained  in  a similar  manner  by  dissolving  auric 
cyanide,  Au(CN)3,  in  potassium  cyanide.  These  ‘double 
salts  ’ crystallise  unchanged  from  water,  but  are  decomposed 
by  mineral  acids  in  the  cold,  with  evolution  of  hydrocyanic 
acid.  Like  the  soluble  simple  cyanides,  they  are  excessively 
poisonous. 

In  addition  to  these  double  salts,  complex  metallic  cyanides 
of  a different  class  are  known,  the  most  important  of  which 
are  potassium  ferrocyanide,  K4Fe(CN)6,  and  potassium  ferri- 
cyanide,  K3Fe(CN)G.  These  salts  are  not  poisonous,  and  are 
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i more  stable  than  the  double  salts  just  referred  to.  On  treat- 
i ment  with  mineral  acids,  in  the  cold,  they  do  not  yield 
hydrocyanic  acid,  but  hydrogen  is  substituted  for  one  of  the 
metals  only,  and  an  acid,  such  as  liydrolerrocyanic  acid,  is 
liberated, 

K4Fe(CN)6  + 4HC1  = H4Fe(CN)fl  + 4KC1. 

Potassium  ferrocyanide,  or  yellow  prussiate  of  potash, 
K4Fe(CN)6,  is  formed  when  ferrous  hydrate  is  dissolved  in 
potassium  cyanide, 

6KCN  + Fe(OH),  = K4Fe(CN)6  + 2KOH. 

It  is  manufactured  by  fusing  together  in  an  iron  pot  nitrog- 
enous animal  refuse  (horn-shavings,  hair,  blood,  &c.),  crude 
potashes  (containing  potassium  carbonate),  and  scrap-iron. 
The  product  is  extracted  with  hot  water,  the  solution  filtered, 
and  evaporated  to  crystallisation. 

Potassium  ferrocyanide  cannot  be  present  in  the  melted  mass, 
because  it  is  decomposed  at  a high  temperature  ; it  must,  therefore, 
be  formed  when  the  product  is  extracted  with  water. 

Probably  the  melt  contains  iron,  potassium  cyanide,  and  ferrous 
sulphide  (the  latter  having  been  produced  by  the  action  of  the 
sulphur  in  the  animal  refuse  on  the  scrap-iron);  these  substances  would 
interact  in  the  presence  of  water,  yielding  potassium  ferrocyanide, 

6KCN  + FeS  = K4Fe(CN)6  + K2S 

2KCN  + Fe  + 2H..0  = Fe(CN)„  + 2KOH  + H„ 

Fe(CN)2  + 4KCN  = K4Fe(CN)6. 

Potassium  ferrocyanide  crystallises  in  lemon-yellow  prisms, 
which  contain  3 mols.  of  water  of  crystallisation  ; it  is  soluble 
in  about  4 parts  of  water.  When  ignited  it  decomposes, 
yielding  potassium  cyanide,  nitrogen,  and  a compound  of  iron 
and  carbon  (iron  carbide), 

K4Fe(CN)0  - 4KCN  + N2  + FeC,, 

a reaction  which  is  made  use  of  in  the  preparation  of  potassium 
cyanide.  When  warmed  with  strong  (90  per  cent.)  sulphuric 
acid,  it  gives  carbon  monoxide, 
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K4Fe(CN)6  + GH.,0*  + 6H2S04  = 

“ 6CO  + 2K2S04  + FeS04  + 3(NH4)2S04, 

but  when  boiled  with  dilute  sulphuric  acid,  hydrocyanic  acid 
is  produced. 

Solutions  of  ferric  salts  in  excess  give  with  potassium  ferro- 
cyanide  a precipitate  of  ‘Prussian  blue,’  or  ferric  ferrocyanide, 

Fe4[Fe(CN)6]3. 

Potassium  ferricyanide,  or  red  prussiate  of  potash, 
K3Fe(CN)6,  is  prepared  by  passing  chlorine  into  a solution  of 
potassium  ferrocyanide  until  the  liquid  ceases  to  give  a blue 
precipitate  with  ferric  salts ; on  evaporation,  potassium 
ferricyanide  separates  out  in  dark-red  crystals. 

The  transformation  of  potassium  ferrocyanide  into  ferricyanide 
is  simply  a process  of  oxidation,  as  other  oxidising  agents,  such  as 
nitric  acid,  produce  the  same  result;  this  change  is  easily  under- 
stood if  it  be  assumed  that  potassium  ferrocyanide  is  a compound 
of  potassium  cyanide  and  ferrous  cyanide,  (4KCN  + Fe(CN)2).  On 
oxidation,  the  ferrous  is  converted  into  ferric  cyanide,  and  potassium 
ferricyanide,  which  may  be  regarded  as  a compound  of  potassium 
cyanide  and  ferric  cyanide,  (3KCN  + Fe(CN)3),  is  formed. 

Potassium  ferricyanide  gives,  with  ferrous  salts,  a pre- 
cipitate of  Turnbull’s  blue,  or  ferrous  ferricyanide, 

Fe3[Fe(CN)6]2 ; it  is  employed  as  a mild  oxidising  agent, 
as  in  alkaline  solution,  in  presence  of  an  oxidisable  sub- 
stance, it  is  converted  into  potassium  ferrocyanide, 

3K3Fe(CN)6  + 2KOH  = 2K4Fe(CN)6  + H20  + 0. 

The  nitriles,  or  alkyl  cyanides,  as  the  ethereal  salts  of 
hydrocyanic  acid  are  termed,  may  be  prepared  by  heating 
the  alkyl  halogen  compounds  with  potassium  cyanide, 

KCN  + C2H5I  = C2H5.CN  + KI, 
or  by  distilling  the  ammonium  salts,  or  the  amides,  of  the 
fatty  acids  either  alone  or  with  some  dehydrating  agent,  such 
as  phosphorus  pentoxide, 

* The  water  necessary  for  this  decomposition  is  partly  derived  from  the 
crystals  of  the  salt,  partly  from  the  acid,  which  is  not  anhydrous. 
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CH:j-COONH4  = CH3-CN  + 2H.,0 
c.,ii5-co-nh,  = C,H5-CN  + H,0. 

The  lower  members  of  the  series,  such  as  methyl  cyanide  (b.p. 
81°)  and  ethyl  cyanide  (b.p.  97°),  are  colourless  liquids, 
possessing  a strong,  but  not  disagreeable  smell,  and  are 
readily  soluble  in  water ; the  higher  members,  as,  for  example, 
octyl  cyanide,  C8H17-CN,  are  almost  insoluble  in  water. 

When  boiled  with  acids  or  alkalies,  they  are  decomposed, 
with  formation  of  fatty  acids,  the  -CN  group  being  converted 
into  the  -COOH  group, 

CH.j-CN  + KOII  + H,0  = CH.pCOOK  + NH3 
C,H5-CN  + HC1  + 2H"20  = C.,H5-COOH  + NII4C1. 

For  this  reason,  and  also  because  they  may  be  obtained  from 
the  ammonium  salts  of  the  fatty  acids,  the  nitriles  are  named 
after  the  acids  which  they  yield  on  hydrolysis  : methyl 
cyanide,  CI13-CX,  for  example,  is  called  acetonitrile ; ethyl 
cyanide,  C.JL/CN,  propionitrile,  and  so  on. 

On  reduction  with  zinc  and  sulphuric  acid,  or,  better,  with 
sodium  and  alcohol,  the  alkyl  cyanides  are  converted  into 
primary  amines,  a fact  which  shows  that  the  alkyl  group  is 
directly  united  with  carbon, 

CIL-CN  + 4H  = CH3-CH2-NH,. 

The  isonitriles , carbylamines  or  isocyanides,  are  isomeric  with 
the  nitriles  : they  may  he  prepared  by  heating  the  alkyl  halogen 
compounds  with  silver  cyanide, 

C„H5I  + Ag-N=C  = C.dI,  N . C + Agl, 
and  by  treating  primary  amines  with  chloroform  and  potash, 
CH3NH2  + 3KOH  + CHOI,  = OH,-N  C + 3KC1  + 3H..O. 

The  isonitriles  or  carbylamines  arc  colourless  liquids,  sparingly 
soluble  in  water ; they  have  an  almost  unbearable  odour  and 
poisonous  properties. 

They  boil  at  lower  temperatures  than  the  isomeric  cyanides  ; 
methyl  isonitrile,  CH:1-NC,  for  example,  boils  at  58 1 ; ethyl 
isonitrile,  C..H./NC,  at  82°.  They  differ  from  the  nitriles,  inasmuch 
as  they  are  not  decomposed  by  boiling  alkalies  ; they  are,  however, 
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readily  decomposed  by  dilute  mineral  acids,  yielding  formic  acid 
and  an  amine, 

CoH5NC  + 2H,0  = H-COOH  + C2H5-NH2. 

This  behaviour  is  also  totally  different  from  that  of  the  nitriles, 
and  shows  that  the  alkyl  group  in  the  isonitriles  is  united  with 
nitrogen  and  not  with  carbon — that  is  to  say,  the  nitriles  are 
ethereal  salts  of  hydrocyanic  acid,  II -C : N,  whereas  the  isonitriles 
may  be  regarded  as  derivatives  of  an  isomeric  modification  of 
hydrocyanic  acid,  H-NSC. 

In  order  to  explain  the  difference  in  the  constitution  of  the  pro- 
ducts produced  by  the  action  of  alkyl  halogen  compounds  on 
potassium  and  silver  cyanide  respectively,  it  is  necessary  to  assume 
either  that  in  the  formation  of  silver  cyanide  from  potassium 
cyanide  by  precipitation,  intramolecular  change  (p.  290)  has  taken 
place,  K-CE5N  yielding  Ag-N=C,  or  that  silver  cyanide,  Ag-CEEN, 
first  yields,  with  the  alkyl  halogen  compound,  an  additive  pro- 
duct, which  is  then  decomposed,  yielding  the  isonitrile, 

Ag-CEEN  + C3H5I  = Ag.C:N<JH#  = C=N-C2H,  + Agl. 

Cyanic  acid,  IIO-CN,  is  produced  when  cyanuric  acid  (see 
below)  is  heated,  and  the  vapours  condensed  in  a receiver 
cooled  in  a freezing  mixture, 

C.,N3(OH)3  = 3HO-CN. 

It  is  a strongly  acid,  unstable  liquid,  and  at  temperatures 
above  0°  rapidly  undergoes  polymerisation  into  an  opaque, 
porcelain-like  mass  called  cyamelide.  Its  aqueous  solution 
decomposes  very  rapidly  into  carbon  dioxide  and  ammonia, 

IIO-CN  + H20  = CO,  + NHg, 
and  therefore  the  acid  cannot  be  prepared  by  the  decomposi- 
tion of  its  salts  with  mineral  acids. 

Potassium  cyanate , KO-CN,  is  produced  when  potassium 
cyanide  slowly  oxidises  in  the  air ; it  is  usually  prepared  by 
heating  potassium  cyanide  (or  ferrocyanide)  with  some  readily 
reducible  metallic  oxide,  such  as  litharge  or  red-lead,  and  then 
extracting  the  product  with  dilute  alcohol, 

KCN  + PbO  = KO-CN  + Pb. 

It  is  a colourless,  crystalline  powder,  readily  soluble  in  water 
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; land  dilute  alcohol,  but  insoluble  in  absolute  alcohol ; its 
aaqueous  solution  rapidly  decomposes  with  formation  of 
aammonia  and  potassium  bicarbonate, 

KO-CN  + 2H20  = NH3  + KHC03. 

! 'When  a solution  of  this  salt  is  mixed  with  ammonium 
-sulphate  and  evaporated,  urea  is  formed,  ammonium  cyanate, 
.'NHjO-CN,  being  the  intermediate  product  (p.  289). 

Ethereal  Salts  of  Cyanic  Acid. — Cyanic  acid,  like  hydrocyanic 
acid,  yields  two  series  of  ethereal  salts — namely,  the  normal 
i cyanates,  such  as  C2H50-CN,  derived  from  HO-CN ; and  the 
i isocyanates,  such  as  C2H5N:CO,  derived  from  H-N:CO. 

The  alkyl  ( normal ) cyanates  are  produced  by  the  action  of 
cyanogen  chloride  on  the  sodium  compounds  of  the  alcohols, 

NaO-C2H,  + Cl-CN  = C2H50-CN  + NaCl ; 

[ I they  are  colourless,  ethereal-smelling  liquids,  and  are  decomposed 
I by  alkalies  into  alkali  carbonates,  ammonia,  and  alcohols;  this 
1 fact  shows  that  the  alkyl  group  is  united  with  oxygen  and  not  with 
1 nitrogen. 

The  alkyl  isocyanates  are  obtained  by  the  action  of  the  alkyl 
halogen  compounds  on  silver  isocyanate  (obtained  as  a white  pre- 
cipitate on  adding  silver  nitrate  to  an  aqueous  solution  of  potassium 
cyanate), 

AgN:CO  + CHSI  = CH,,N:CO  + Agl. 

They  are  very  unpleasant-smelling,  volatile  liquids  ; when  heated 
with  alkalies,  they  are  decomposed  into  alkali  carbonates  and 
primary  amines  (Wiirtz),  a reaction  which  shows  that  the  alkyl 
group  is  united  with  nitrogen, 

CH.,N;CO  + 2KOH  = CH.,-NII2  + K„CO;). 

Cyanuric  acid,  N3C303H3,  is  produced  by  the  action  of 
water  on  cyanuric  chloride  (p.  278), 

N3C3C13  + 311,0  = N3C3(OH)3  + 3HC1. 

It  is  a crystalline,  tribasic  acid,  forming  well-defined  salts,  of 
which  the  crystalline  trisodium  salt,  X;jC3(0;Na)3,  is  the  most 
characteristic.  On  distillation,  the  acid  is  converted  into 
cyanic  acid. 

Thiocyanic  acid,  or  sulphocyanic  acid,  HS-CX,  is  obtained 
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in  the  form  of  its  salts  when  the  alkali  cyanides  are  heated 
with  sulphur, 

KCN  + S = KS-CN, 

the  change  being  analogous  to  the  formation  of  cyanates  by 
the  oxidation  of  cyanides. 

Thiocyanic  acid  may  be  obtained  by  distilling  potassium 
thiocyanate  with  dilute  sulphuric  acid ; it  is  a liquid, 
solidifies  at  12- 5°,  and  has  a very  penetrating  odour.  It  is 
decomposed  by  moderately  concentrated  sulphuric  acid,  with 
evolution  of  carbon  oxysulphide, 

HS-CN  + H20  = COS  + NH3. 

Potassium  thiocyanate , KS-CN,  is  prepared  by  fusing 
potassium  cyanide  (or  ferrocyanide)  with  sulphur,  and 
extracting  the  mass  with  alcohol.  On  concentrating  the 
alcoholic  solution,  the  salt  is  deposited  in  colourless,  very 
deliquescent  needles.  The  ammonium  salt,  NH4S-CN,  is 
most  conveniently  prepared  by  agitating  strong  ammonia  with 
carbon  bisulphide, 

4NH3  + CS2  = NH4S-CN  + (NH4)2S. 

The  thiocyanates  are  used  in  inorganic  analysis,  as  reagents 
for  ferric  salts,  with  which  they  give  an  intense  blood-red 
colouration,  caused  by  the  formation  of  a double  salt. 
Thiocyanates  are  also  employed  in  dyeing  and  calico-printing 
as  mordants,  and  are  known  commercially  as  * rhodanates.’ 

Thiocyanic  acid,  like  cyanic  acid,  forms  two  series  of  ethereal 
salts— namely,  the  normal  thiocyanates,  such  asC2H6S-CN,  derived 
from  HS-C-N,  and  the  isothiocyanates,  such  as  C2H5N:CS,  derived 
from  HN:C:S.  The  alkyl  (normal)  thiocyanates  are  produced  by  the 
action  of  the  alkyl  iodides  on  potassium  thiocyanate,  or  from  the 
mercaptides  (especially  lead  mereaptide),  by  the  action  of  cyanogen 
chloride, 

(C2HsS)2Pb  + 2C1CN  = 2C2H5S-CN  + PbCl2, 

a reaction  which  is  exactly  similar  to  the  formation  of  ethyl  cyanate 
by  the  action  of  cyanogen  chloride  on  sodium  ethoxide  (see  above). 

The  normal  thiocyanates  are  volatile  liquids  possessing  a slight 
though  not  penetrating  smell  of  garlic;  when  oxidised  with  nitric 


CYANOGEN  COMPOUNDS. 


289 


•acid  they  are  converted  into  alkyl  sulphonic  acids,  C.JT5S-CN,  for 
example,  yielding  C2H5*S03H,  a reaction  which  shows  that  the 
ilkyl  group  is  united  with  sulphur. 

The  alkyl  isothiocyanates,  or  mustard-oils,  are  produced  by  heating 
'the  normal  thiocyanates  at  180°,  or  by  simply  repeatedly  distilling 
them,  intramolecular  change  (p.  290)  taking  place  ; the  alkyl  group 
iiin  these  compounds  is  combined  with  nitrogen,  because  when 
heated  with  hydrochloric  acid  they  are  decomposed  into  primary 
amines,  carbon  dioxide,  and  sulphuretted  hydrogen, 

C2H5N  :CS  + 2H20  = C2H5-NH2  + CO„  + SH2. 

Allyl  isothiocyanate,  or  ‘ mustard-oil,’  CH2:CHCH2-N:CS, 
is  prepared  by  distilling  macerated  black  mustard  seeds  with 
-steam.  Mustard  seeds  contain  a glucoside,  * potassium 
myronate,’  CjoH^NS.^joTC,  which  is  soluble  in  water;  its 
solution  gradually  undergoes  fermentation,  owing  to  the 
^presence  of  a ferment,  ‘ myrosin,’  mustard-oil,  glucose,  and 
potassium  hydrogen  sulphate  being  produced, 

C10H18NS2O10K  = C3H5.N:CS  + C6H1206  + KHS04. 
i'Allyl  isothiocyanate  is  a colourless,  pungent-smelling  liquid, 
wvhich  boils  at  151°;  when  dropped  on  the  skin,  it  produces 
blisters. 

Urea,*  or  carbamide,  CH4N20  or  CO(NH2)2,  is  a compound 
of  great  physiological  importance.  It  occurs  in  the  urine  of 
mammals  and  of  carnivorous  birds  and  reptiles,  and  is  one  of 
the  principal  nitrogenous  constituents  of  human  urine,  of 
which  it  forms  about  3 per  cent. 

It  was  discovered  in  urine  in  1773,  and  was  first  artificially 
pproduced  in  1828  by  Wohler,  who  found  that  on  warming 
;an  aqueous  solution  of  ammonium  cyanate  the  salt  was 
converted  into  urea, 

NH4-0-CN  = CO(NH2)2, 

a discovery  which,  being  the  first  synthetical  production 
of  an  animal  product,  was  of  fundamental  importance  (compare 

ip.  10). 

Although  urea,  uric  acid,  and  glycine  are  not  derivatives  of  cyanogen, 
they  are  in  many  ways  related  to  the  cyanogen  compounds,  and  for  this 
reason  may  be  conveniently  considered  in  this  chapter. 

S 
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When  one  substance  is  converted  into  another  which  has  the 
same  molecular  formula,  the  change  is  spoken  of  as  ‘ intramolecular.  ’ 
Ammonium  cyanate,  NH4OCN,  has  the  same  molecular  formula  as 
urea,  CO(NH3).2 ; but  the  atoms  in  the  molecules  of  the  two  com- 
pounds are  arranged  differently — that  is  to  say,  their  constitutions 
are  different.  Many  cases  of  intramolecular  change  are  met  with 
in  organic  chemistry. 

Urea  may  be  prepared  from  urine  by  evaporating  to  a small  bulk 
and  adding  strong  nitric  acid.  The  precipitate  of  crude  urea  nitrate 
(see  below)  is  recrystallised  from  nitric  acid,  dissolved  in  boiling 
water,  and  decomposed  with  barium  carbonate  ; the  solution  is 
then  evaporated  to  dryness,  and  the  urea  extracted  with  alcohol, 
in  which  barium  nitrate  is  insoluble. 

It  is  more  commonly  prepared  by  mixing  a solution  of  potassium 
cyanate  (2  mols.)  with  an  equivalent  quantity  of  ammonium  sulphate 
(1  mol.),  evaporating  to  dryness,  and  extracting  with  alcohol.  In 
both  cases  the  crude  urea  is  purified  by  recrystallisation  from  water 
or  alcohol. 

Urea  may  be  also  synthetically  obtained  by  treating  ethyl 
carbonate,  or  phosgene  gas*  (carbonyl  chloride),  with  ammonia, 

CO(OC2H5)2  + 2 NIL  = CO(NH2),  + 2C2H5-OH 
COCl2  + 4NH3  = CO(NH2)2  + 2NH4C1. 

It  crystallises  in  colourless  needles,  melts  at  132°,  and 
is  readily  soluble  in  water  and  alcohol,  but  almost  insoluble 
in  ether;  when  heated  with  water  at  120°,  or  boiled  with 
dilute  acids,  it  is  decomposed  into  carbon  dioxide  and  ammonia 
(or  one  of  its  salts), 

CO(NH2)2  + H.,0  + 2HC1  = CO,  2 1ST  + H4C1, 

but  when  heated  alone  it  yields  ammonia,  cyanuric  acid,  and 
complex  cyanogen  compounds, 

3CO(NH2)2  = H3C3N3O3  + 3NH3. 

Urea  is  decomposed  by  nitrous  acid  into  nitrogen  and 
carbon  dioxide, 

* Ethyl  carbonate  is  formed  when  silver  carbonate  is  treated  with  ethyl 
iodide  : it  is  an  agreeably-smelling,  neutral  liquid,  which  boils  at  126  . 
Carbonyl  chloride  is  obtained  by  the  direct  combination  of  carbon  monoxide 
and  chlorine  in  sunlight ; it  is  a gas  which  decomposes  rapidly  in  contact 
with  water,  into  carbon  dioxide  and  hydrochloric  acid- 
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CO(NH.,)o  + 2HNO,  = CO.,  + N2  + 2H20, 
a similar  change  taking  place  when  it  is  mixed  with  solutions 
of  hypochlorites  or  hypohromites, 

CO(NHj)2  + 3NaOCl=  C02  + N2  + 2H20  + 3NaCl ; 

by  measuring  the  volume  of  nitrogen  given  off,  on  treating  a 
solution  of  urea  with  nitrous  acid,  the  quantity  in  solution 
can  be  readily  estimated. 

Urea  possesses  basic  properties,  and  combines  with  one 
equivalent  of  acids  to  form  salts,  most  of  which  are  soluble 
in  water.  The  most  characteristic  salt  is  urea  nitrate , 
CO(N H.,)  .„HN 03,  which  crystallises  in  glistening  plates,  and 
is  sparingly  soluble  in  nitric  acid. 

Constitution. — The  formation  of  urea  from  the  ethyl  salt 
and  from  the  chloride  of  carbonic  acid  is  exactly  analogous 
to  the  formation  of  acetamide  from  ethyl  acetate  and  from 
acetyl  chloride ; urea  is  therefore  the  diamide  of  carbonic 
acid — hence  the  name  carbamide — and  its  constitution  is 

represented  by  the  formula  0 = C<^ 


■NHa 

nit; 


The  monamide  of  carbonic  acid,  0=C<C\p[  (carbamic  acid),  is 

not  known  in  a free  state.  Ammonium  carbamate  is  formed  by  the 
action  of  carbon  dioxide  on  ammonia, 

CO.,  + 2NH3  = CO(NH.,)ONITj, 

and  is  one  of  the  constituents  of  commercial  ammonium  carbonate, 
which  is  frequently  prepared  by  this  method. 

Uric  acid,  C6H4N403,  occurs  in  small  quantities  in  human 
urine,  from  which  it  separates  on  exposure  to  the  air  in 
the  form  of  a light  yellow  powder  ; it  also  occurs  in  the 
excrements  of  birds  and  reptiles,  and  is  present  in  large 
quantities  in  guano.  The  excrements  of  serpents  consist 
almost  entirely  of  ammonium  urate  : from  this  source  uric 
acid  is  conveniently  prepared  by  boiling  the  excrement  with 
caustic  soda  until  all  the  ammonia  has  been  expelled,  and 
pouring  the  hot  filtered  liquid  into  hydrochloric  acid  ; on 
cooling,  uric  acid  separates  as  a fine  crystalline  powder. 
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Uric  acid  is  insoluble  in  alcohol  and  ether,  and  very 
sparingly  soluble  in  water  (1  part  dissolves  in  1800  parts  of 
water  at  100°).  If  uric  acid  be  moistened  with  nitric  acid 
in  a porcelain  basin,  and  the  mixture  then  evaporated  to 
dryness  on  a water-bath,  a yellow  stain  is  left,  which,  on  the 
addition  of  ammonia,  becomes  intensely  violet  (murexide 
reaction). 

Uric  acid  is  a weak  dibasic  acid ; when  dissolved  in  sodium 
carbonate,  it  yields  an  acid  sodium  salt,  C5H3N403Na  + £H20  ; 
the  neutral  sodium  salt,  C5H.,N403Na2  + H20,  is  formed  when 
uric  acid  is  dissolved  in  caustic  soda.  The  salts,  like  the  acid 
itself,  are  all  sparingly  soluble  in  water. 

Uric  acid  has  been  prepared  synthetically  by  heating 
glycine  with  urea  at  200-230°. 

Glycine,  glycocoll,  or  amido-acetic  acid,  CH2(KH2)-COOH, 
like  urea  and  uric  acid,  is  found  in  animal  secretions,  but 
usually  in  combination.  As  liippuric  acid,  or  benzoylglycine, 
CgH5-CO-NH-CH2-COOH  (part  ii.),  it  occurs  in  considerable 
quantities  in  the  urine  of  horses,  and  it  is  best  prepared 
from  this  substance  by  treatment  with  hydrochloric  or  sul- 
phuric acid, 

C6H5-CO-NH-CH2-COOH  + Ho0  + HC1  = 

C6H5-COOH  + NH2-CH2-COOH,  HC1. 

Benzoic  Acid.  Glycine  Hydrochloride. 

It  may  also  be  conveniently  prepared  by  treating  monochlor- 
acetic  acid  with  ammonia, 

CH2Cl-COOH  + 3NH3  = CH2(NH2)-COONH4  + UH4C1. 

Glycine  crystallises  from  water  in  colourless  prisms,  and 
melts  at  235°.  It  is  readily  soluble  in  water ; the  aqueous 
solution  gives  with  ferric  chloride  a red  colouration,  and  with 
phenol  and  sodium  hypochlorite  an  intense  blue  colouration. 

Glycine  contains  an  amido-group  and  a carboxyl-group,  and 
is  therefore  capable  of  forming  salts  both  with  acids  and 
bases. 

The  most  characteristic  metallic  salt  is  the  copper  salt, 
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(C.,H4N02)2Cu,  which  is  readily  formed  by  dissolving  cupric 
hydrate  in  a hot,  strong,  aqueous  solution  of  glycine ; on 
cooling,  the  salt  crystallises  in  deep  blue  needles. 

Glycine  hydrochloride , C2H5N02,  HC1,  is  produced  by  dis- 
solving glycine  in  hydrochloric  acid,  or  by  decomposing 
hippuric  acid  with  hydrochloric  acid ; it  crystallises  in  colour- 
less needles,  is  readily  soluble  in  water,  and  is  decomposed 
by  alkalies  or  alkali  carbonates,  with  liberation  of  glycine. 

When  treated  with  nitrous  acid,  glycine  is  converted  into 
glycollic  acid  (p.  223), 

CH2(NH2)-COOH  + NOoH  = CH2(OH)-COOH  + N2  + H20. 
Other  amido-acids  such  as  alanine  or  a-amidopropionic  acid, 
CH3.CH(NH,).COOI-I, 

may  be  prepared  from  the  corresponding  halogen  acids  by  the 
action  of  ammonia ; in  their  properties  they  are  very  similar 
to  glycine. 


OKGANIC  CHEMISTRY. 


PART  II. 

CHAPTER  XVII. 

MANUFACTURE,  PURIFICATION,  PROPERTIES,  AND  CONSTITUTION 

OF  BENZENE. 

Distillation  of  Coal-tar.— When  coal  is  strongly  heated  out 
of  contact  with  air,  it  undergoes  very  complex  changes,  and 
yields  a great  variety  of  gaseous  and  liquid  products,  together 
with  a solid,  non-volatile  residue  of  coke.  This  process  of 
dry  or  destructive  distillation  is  carried  out  on  the  large  scale 
in  the  manufacture  of  coal-gas,  for  which  purpose  the  coal  is 
heated  in  clay  or  iron  retorts,  provided  with  air-tight  doors ; 
the  gas  and  other  volatile  products  escape  from  the  retort 
through  a pipe,  and  when  distillation  is  at  an  end,  the  coke,  a 
porous  mass  of  carbon,  containing  the  ash  or  mineral  matter 
of  the  coal,  is  withdrawn. 

The  hot  coal-gas  passes  first  through  a series  of  pipes  or 
conlensers , kept  cool  by  immersion  in  water  or  simply  by 
exposure  to  the  air,  and,  as  its  temperature  falls,  it  deposits  a 
considerable  quantity  of  tar  and  gas-liquor,  which  are  run 
together  into  a large  tank ; it  is  then  forced  through,  or 
washed  with,  water,  in  washers  and  scrubbers,  and,  after  having 
been  further  freed  from  tar,  ammonia,  carbon  dioxide,  and 
sulphuretted  hydrogen  by  suitable  processes  of  purification,  it 
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is  led  into  the  gas-holder  and  used  for  illuminating  and  heating 
purposes.  The  average  volume  percentage  composition  of  puri- 
fied coal-gas  is  H2  = 47, CH.  = 36, CO  = 8,C02  = 1,1NT2  - 4, 
and  hydrocarbons,  other  than  marsh-gas  (acetylene,  ethylene, 
benzene,  &c.)  = 4. 

The  coal-tar  and  the  gas-liquor  in  the  tank  separate  into 
two  layers ; the  upper  one  consists  of  gas-liquor  or  ammoniacal- 
liquor  (a  yellow,  unpleasant-smelling,  aqueous  solution  of 
ammonium  carbonate,  ammonium  sulphide,  and  numerous  other 
compounds),  from  which  practically  the  whole  of  the  ammonia 
and  ammonium  salts  of  commerce  are  obtained.  The  lower 
layer  in  the  tank  is  a dark,  thick,  oily  liquid  of  sp.  gr.  1-1  to 
1-2,  known  as  coal-tar.  It  is  a mixture  of  a great  number  of 
organic  compounds,  and,  although  not  long  ago  it  was  con- 
sidered to  be  an  obnoxious  bye-product,  it  is  now  the  sole 
source  of  very  many  substances  of  great  industrial  importance. 

In  order  to  partially  separate  the  several  constituents,  the 
tar  is  submitted  to  fractional  distillation  ; it  is  heated  in  large 
wrought-iron  stills  or  retorts,  and  the  vapours  which  pass  off 
are  condensed  in  long  iron  or  lead  worms  immersed  in  water, 
the  liquid  distillate  being  collected  in  fractions.  The  point  at 
which  the  receiver  is  changed  is  ascertained  by  means  of  a 
thermometer,  which  dips  into  the  tar,  as  well  as  by  the 
character  of  the  distillate. 

In  this  way  tar  may  be  roughly  separated  into  the  following 
fractions : 

I.  Light  oil  or  crude  naphtha Collected  up  to  170°. 

IT.  Middle  oil  or  carbolic  oil n between  170  and  230°. 

III.  Heavy  oil  or  creosote  oil u 230  n 270°. 

IV.  Anthracene  oil above  270°. 

V.  Pitch Residue  in  the  still. 

I.  The  first  crude  fraction  separates  into  two  layers — namely, 
gas-liquor  (which  the  tar  always  retains  mechanically  to  some 
extent)  and  an  oil  which  is  lighter  than  water,  its  sp.  gr. 
being  about  0-979,  hence  the  name,  light  oil.  This  oil  is 
first  redistilled  from  a smaller  iron  retort  and  the  distillate 
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collected  in  three  principal  portions,  passing  over  between 
82-110°,  110-140°,  and  140-170°  respectively.  All  these 
fractions  consist  principally  of  hydrocarbons,  but  contain  basic 
substances,  such  as  pyridine,  acid  substances,  such  as  phenol 
or  carbolic  acid,  and  various  other  impurities ; they  are, 
therefore,  separately  agitated,  first  with  concentrated  sulphuric 
acid,  which  dissolves  out  the  basic  substances,  and  then  with 
caustic  soda,  which  removes  the  phenols  (p.  385),  being  washed 
with  water  after  each  treatment ; afterwards  they  are  again 
distilled.  The  oil  obtained  in  this  way  from  the  fraction 
collected  between  82  and  110°  consists  principally  of  the 
hydrocarbons  benzene  and  toluene,  and  is  sold  as  ‘ 90  per 
cent,  benzol;’  that  obtained  from  the  fraction  110-140° 
consists  essentially  of  the  same  two  hydrocarbons  (but  in 
different  proportions)  together  with  xylene,  and  is  sold  as 
‘ 50  per  cent,  benzol.’*  These  two  products  are  not  usually 
further  treated  by  the  tar-distiller,  but  are  worked  up  in  the 
manner  described  later.  The  oil  from  the  fraction  collected 
between  140-170°  consists  of  xylene,  pseudocumene,  mesityl- 
ene,  &c.,  and  is  principally  employed  as  ‘ solvent  naphtha,’ 
also  as  ‘burning  naphtha.’ 

II.  The  second  crude  fraction,  or  middle  oil,  collected 
between  170  and  230°,  has  a sp.  gr.  of  about  1'002,  and  con- 
sists principally  of  naphthalene  and  carbolic  acid.  On  cooling, 
the  naphthalene  separates  in  crystals,  which  are  drained  and 
pressed  to  squeeze  out  adhering  carbolic  acid  and  other  sub- 
stances ; the  crude  crystalline  product  is  further  purified  by 
treatment  with  caustic  soda  and  sulphuric  acid  successively, 
and  finally  sublimed  or  distilled.  The  oil  from  which  the 
crystals  have  been  separated  is  agitated  with  warm  caustic 
soda  to  dissolve  the  carbolic  acid ; the  alkaline  solution  is 
then  drawn  off  from  the  insoluble  portions  of  the  oil  and 

* Commercial  ‘90  per  cent,  benzol’  contains  about  70  percent.,  and  ‘50 
per  cent,  benzol  ’ about  46  per  cent,  of  pure  benzene ; the  terms  refer  to 
the  proportion  of  the  mixture  which  passes  over  below  100°  when  the  com- 
mercial product  is  distilled.  Benzene,  toluene,  and  xylene  are  known  com- 
mercially as  benzol,  toluol,  and  xylol  respectively. 
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treated  with  sulphuric  acid,  whereupon  crude  carbolic  acid 
separates  as  an  oil,  which  is  washed  with  water  and  again 
distilled;  it  is  thus  separated  into  crystalline  (pure)  carbolic 
acid  and  liquid  (impure)  carbolic  acid. 

III.  The  third  crude  fraction,  collected  between  230  and 
270°  is  a greenish-yellow,  fluorescent  oil,  specifically  heavier 
than  water ; it  contains  carbolic  acid,  cresol,  naphthalene, 
anthracene,  and  other  substances,  and  is  chiefly  employed 
under  the  name  of  ‘creosote  oil’  for  the  preservation  of 
timber. 

IY.  The  fourth  crude  fraction,  collected  at  270°  and  up- 
wards, consists  of  anthracene,  phenanthrene,  and  other 
hydrocarbons  which  are  solid  at  ordinary  temperatures ; the 
crystals  which  are  deposited  on  cooling,  after  having  been 
freed  from  oil  by  pressure,  contain  about  30  per  cent,  of 
anthracene,  and  are  further  purified  by  digestion  with  solvent 
naphtha,  which  dissolves  the  other  hydrocarbons  more  readily 
than  the  anthracene ; the  product  is  then  sold  as  ‘ 50  per 
cent,  anthracene,’  and  is  employed  in  the  manufacture  of 
alizarin  dyes.  The  oil  drained  from  the  anthracene  is  re- 
distilled, to  obtain  a further  quantity  of  the  crystalline  product, 
the  non-crystallisable  portions  being  known  as  ‘anthracene 
oil.’ 

V.  The  pitch  in  the  still  is  run  out  while  still  hot,  and  is 
employed  in  the  preparation  of  varnishes,  for  protecting  wood 
and  metal  work,  and  in  making  asphalt. 

The  following  table,  taken  partly  from  Ost’s  Lchrbuch  der 
technischen  Cliemie,  shows  in  a condensed  form  the  process 
of  tar  distillation  and  the  more  important  commercial  products 
obtained. 

Benzene,  C(,H6. — The  crude  ‘ 90  per  cent,  benzol  ’ of  the 
tar-distiller  consists  essentially  of  a mixture  of  benzene  and 
toluene,  but  contains  small  quantities  of  xylene  and  other 
substances;  on  further  fractional  distillation  in  specially  con- 
structed apparatus  (similar  to  that  employed  in  the  rectifica- 
tion of  spirit),  it  is  separated  more  or  less  completely  into  its 
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constituents.  The  benzene  prepared  in  this  way  still  contains 
small  quantities  of  toluene,  paraffins,  carbon  bisulphide,  and 
other  impurities,  and  may  be  further  treated  in  the  following 
manner : It  is  first  cooled  in  a freezing  mixture  and  the 
crystals  of  benzene  quickly  separated  by  filtration  from  the 
mother-liquor,  which  contains  most  of  the  impurities ; after 
repeating  this  process,  the  benzene  is  carefully  distilled,  and 
the  portion  boiling  at  80-81°  collected  separately.  For 
ordinary  purposes  this  purification  is  sufficient,  but  even  now 
the  benzene  is  not  quite  pure,  and,  when  it  is  shaken  with 
cold  concentrated  sulphuric  acid,  the  latter  darkens  in  colour 
owing  to  its  having  charred  and  dissolved  the  impurities; 
pure  benzene,  on  the  other  hand,  does  not  char  with  sulphuric 
acid,  so  that  if  the  impure  liquid  be  repeatedly  shaken  with 
small  quantities  of  the  acid,  until  the  latter  ceases  to  be  dis- 
coloured, most  of  the  foreign  substances  will  be  removed. 

All  coal-tar  benzene,  which  has  not  been  purified  by  repeated 
treatment  with  sulphuric  acid,  contains  an  interesting  sulphur 
compound,  C4H4S,  named  thiophene , which  was  discovered  by  V. 
Meyer  ; the  presence  of  this  substance  is  readily  detected  by  shak- 
ing the  sample  with  a little  concentrated  sulphuric  acid  and  a trace 
of  isatin  (an  oxidation  product  of  indigo),  when  the  acid  assumes  a 
beautiful  blue  colour  (indophenin  reaction) ; thiophene  resembles 
benzene  very  closely  in  chemical  and  physical  properties,  and  for 
this  reason  cannot  be  separated  from  it  except  by  repeated  treat- 
ment with  sulphuric  acid,  which  dissolves  thiophene  more  readily 
than  it  does  the  hydrocarbon. 

Although  the  whole  of  the  benzene  of  commerce  (‘  benzol  ’) 
is  prepared  from  coal-tar,  the  hydrocarbon  is  also  present  in 
small  quantities  in  wood-tar  and  in  the  tarry  distillate  of  many 
other  substances,  such  as  shale,  peat,  &c. ; it  may,  in  fact,  be 
produced  by  passing  the  vapour  of  alcohol,  ether,  petroleum, 
or  of  many  other  volatile  organic  substances  through  a red-hot 
tube,  because  under  these  conditions  such  compounds  lose 
hydrogen  (and  oxygen),  and  are  converted  into  benzene  and 
its  derivatives. 

Benzene  may  be  produced  synthetically  by  simply  heating 
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acetylene  at  a dull-red  heat,  when  3 mols.  (or  G vols.)  of  the 
latter  are  converted  into  1 mol.  (or  2 vols.)  of  benzene, 

3C2H2  = C6IIg. 

Acetylene,  generated  from  its  copper  derivative  (part  i.  p.  83),  is 
i collected  over  mercury  in 
i a piece  of  hard  glass- 
t tubing,  closed  at  one  end 
i and  bent  at  an  angle  of 
.about  120°;  when  the  tube 
is  about  half  full  of  gas, 
the  lower  end  is  closed 
with  a cork,  and  a piece 
of  copper  ganze  wrapped 
round  a portion  of  the 
horizontal  limb,  as  shown 
(fig.  19).  This  portion  of 
the  tube  is  then  carefully 
and  strongly  heated  with 
a bunsen  burner,  the  other 
end  remaining  immersed 
in  the  mercury;  after  a 
short  time  vapours  appear 
in  the  tube,  and  minute 
drops  of  benzene  condense 
on  the  sides,  and  if,  after 
heating  for  about  fifteen  Fig.  19. 

minutes,  the  tube  be 

allowed  to  cool  and  the  cork  then  removed,  the  mercury  will  rise, 
showing  that  a diminution  in  volume  has  taken  place. 

This  conversion  of  acetylene  into  benzene  is  a process  of 
polymerisation,  and  was  first  accomplished  by  Berthelot.  It 
is,  at  the  same  time,  an  exceedingly  important  synthesis  of 
benzene  from  its  elements,  because  acetylene  may  be  obtained 
by  the  direct  combination  of  carbon  and  hydrogen. 

Pure  benzene  may  be  conveniently  prepared  in  small 
quantities  by  heating  pure  benzoic  acid  or  calcium  benzoate 
with  soda-lime,  a reaction  which  recalls  the  formation  of 
marsh-gas  from  calcium  acetate, 

(C(1H5-COO),Ca  + 2NaOH  - 2CrH,.  + CaCO,  + NanCOv 
or  CBHr/COOH  = C0H0  + CO.,  ’ 
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At  ordinary  temperatures  benzene  is  a colourless,  highly- 
refractive,  mobile  liquid  of  sp.  gr.  0-8799  at  20°,  but  when 
cooled  in  a freezing  mixture  it  solidifies  to  a crystalline  mass, 
melting  again  at  6°,  and  boiling  at  80-5°.  It  has  a burning 
taste,  a peculiar,  not  unpleasant  smell,  and  is  highly  inflam- 
mable, burning  with  a luminous,  very  smoky  flame,  which  is 
indicative  of  its  richness  in  carbon;  the  luminosity  of  an 
ordinary  coal-gas  flame  is,  in  fact,  largely  due  to  the  presence 
of  benzene.  Although  practically  insoluble  in  water,  benzene 
mixes  with  liquids  such  as  alcohol,  ether,  and  petroleum  in 
all  proportions  ; like  the  latter,  it  readily  dissolves  fats,  resins, 
iodine,  and  other  substances  which  are  insoluble  in  water, 
and  is  for  this  reason  extensively  used  as  a solvent  and  for 
cleaning  purposes ; its  principal  use,  however,  is  for  the 
manufacture  of  nitrobenzene  (p.  352)  and  other  benzene 
derivatives. 

Benzene  is  a very  stable  substance,  and  is  resolved  into 
simpler  substances  only  with  great  difficulty ; when  boiled 
with  concentrated  alkalies,  for  example,  it  undergoes  no 
change,  and  even  when  heated  with  solutions  of  such  power- 
ful oxidising  agents  as  chromic  acid  or  potassium  permangan- 
ate, it  is  only  very  slowly  attacked  and  decomposed,  carbon 
dioxide  and  traces  of  other  substances  being  formed.  Under 
certain  conditions,  however,  benzene  readily  yields  substitution 
products  ; concentrated  nitric  acid,  even  at  ordinary  tempera- 
tures, converts  the  hydrocarbon  into  nitrobenzene  by  the  sub- 
stitution of  the  monovalent  nitro-group  -NO.,,  for  an  atom  of 
hydrogen, 

CcH0  + HNOg  = C0H6.NO2  + HoO, 

and  concentrated  sulphuric  acid,  slowly  at  ordinary  tempera- 
tures, but  more  rapidly  on  heating,  transforms  it  into  benzene- 
sulphonic  acid, 

CcH6  + H2S04  = C6H5.S03H  + TI.,0. 

The  action  of  chlorine  and  bromine  on  benzene  is  very 
remarkable  : at  moderately  high  temperatures,  or  in  presence 
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of  direct  sunlight,  it  is  rapidly  converted  into  additive  pro- 
ducts, such  as  benzene  hexachloride,  C6H6C16,  and  benzene 
hexabromide,  C6H6Br6,  by  direct  combination  with  six  (but 
never  more  than  six)  atoms  of  the  halogen ; in  absence  of 
sunlight  and  at  ordinary  temperatures,  however,  the  hydro- 
carbon is  slowly  attacked,  yielding  substitution  products,  such 
as  chlorobenzene,  C0H5C1,  bromobenzene,  C0H5Br,  dichloro- 
benzene, C6H4C12,  &c.  ; when,  again,  some  halogen  carrier 
(p.  342),  such  as  ferric  chloride,  iodine,  &c.,  is  present,  action 
takes  place  readily  at  ordinary  temperatures  even  in  the  dark, 
and  substitution  products  are  formed. 

Constitution  of  Benzene. — It  will  be  seen  from  these  facts 
that  although  benzene,  like  the  paraffins,  is  an  extremely  stable 
substance,  it  differs  from  them  very  considerably  in  chemical 
behaviour,  more  especially  in  being  comparatively  readily 
acted  on  by  nitric  acid,  sulphuric  acid,  and  halogens,  and  in 
forming  additive  products  with  the  last  named  under  certain 
conditions ; if,  again,  its  properties  be  compared  with  those 
of  the  unsaturated  hydrocarbons  of  the  ethylene  or  acetylene 
series,  the  contrast  is  even  more  striking,  particularly  when 
it  is  borne  in  mind  that  the  molecular  formula  of  benzene, 
CcHc,  indicates  a relation  to  these  unsaturated  hydrocarbons 
rather  than  to  the  saturated  compounds  of  the  methane 
series. 

In  order,  then,  to  obtain  some  clue  to  the  constitution  of 
benzene,  it  is  clearly  of  importance  to  carefully  consider 
the  properties  of  other  unsaturated  hydrocarbons  of  known 
constitution,  and  to  ascertain  in  what  respects  they  differ 
from  benzene ; for  this  purpose  the  compound  dipropargyl 
may  be  chosen,  as  it  has  the  same  molecular  formula  as 
benzene. 

Dipropargyl,  CUH6,  is  obtained  as  follows : diallyl  is  first  pre- 
pared by  treating  allyl  iodide  with  sodium, 

2CH.pCH.CHJ  + 2Na  = CH2:CH.CH2-CH2.CH:CH2  + 2NaT  ; 
diallyl  combines  directly  with  bromine,  yielding  diallyl  tctra - 
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bromide , and  this,  on  treatment  with  alcoholic  potash,  loses  4 
molecules  of  hydrogen  bromide,  and  is  converted  into  dipro- 
pargyl, 

CHoBr-CHBr-CHo-CH.yCHBr-CI4.Br  = 

' CH : C-CHyCHyC  I CH  + 4HBr. 

Now  although  dipropargyl  and  benzene  are  isomeric  and 
similar  in  ordinary  physical  properties,  they  are  absolutely 
different  in  chemical  behaviour ; the  former  is  very  unstable, 
readily  undergoes  polymerisation,  combines  energetically  with 
bromine,  giving  additive  compounds,  and  is  immediately 
oxidised  even  by  weak  agents;  it  shows,  in  fact,  all  the 
properties  of  an  unsaturated  hydrocarbon  of  the  acetylene 
series.  Benzene,  on  the  other  hand,  is  extremely  stable,  is 
comparatively  slowly  acted  on  by  bromine,  giving  (usually) 
substitution  products,  and  is  oxidised  only  very  slowly  even 
by  the  most  powerful  agents.  Since,  therefore,  dipropargyl 
must  be  represented  by  the  above  formula  in  order  to 
account  for  its  method  of  formation  and  chemical  properties, 
the  constitution  of  benzene  could  not  possibly  be  expressed 
by  any  similar  formula,  such  as 

CH:j-C:C-C:C-CH3  or  CH2:C:CH-CH:C:CH2, 
because  compounds  similar  in  constitution  are  always  more  or 
less  similar  in  properties,  and  such  a formula,  therefore,  would 
not  afford  the  slightest  indication  of  the  enormous  differences 
between  benzene  and  dipropargyl. 

This,  and  many  other  reasons  which  will  be  stated  later,  led 
to  the  conclusion  that  the  six  carbon  atoms  in  benzene  form 
a closed-chain  or  nucleus  as  represented  by  the  symbol 


and  this  view,  first  suggested  by  Kekule  in  1865,  is  now 
universally  accepted  as  the  best  explanation  of  the  behaviour 
of  benzene.  Kekule  also  pointed  out  that  numerous  facts 
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eestablished  during  the  study  of  the  derivatives  ot  benzene, 
ladmit  of  only  one  conclusion — namely,  that  the  molecule  of 
benzene  is  symmetrical , and  that  each  carbon  atom  is  directly 
united  with  one  (and  only  one)  atom  of  hydroyen,  as  repre- 
sented by  the  formula 

H 
I 


n— c 


h— c 


C — II 


or 


i Of  these,  however,  the  former  is  always  used  in  preference  to 
tthe  latter,  partly  because  straight  lines  are  invariably  em- 
ployed to  represent  direct  union  between  two  atoms,  and 
partly  on  account  of  certain  views  which  are  discussed  in  a 
Hater  chapter  (p.  528). 

Up  to  this  point  all  chemists  are  agreed,  as  the  evidence 
which  can  be  brought  forward  in  support  of  this  formula  is 
ssimply  overwhelming ; nevertheless,  at  least  one  important 
imatter  has  still  to  be  settled,  before  it  can  be  said  that  the 
constitution  of  benzene  is  established  as  far  as  present  theories 
'permit.  The  point  referred  to  is,  the  manner  in  which  the 
carbon  atoms  are  united  with  one  another.  The  whole  theory 
of  the  constitution  of  organic  compounds  is  based  on  the 
aassumption  that  carbon  is  always  tetravalent,  and  this 
assumption,  as  already  explained  (part  i.  p.  53),  is  expressed 
in  graphic  formulae  by  drawing  four  lines  from  each  carbon 
aatom,  in  such  a way  as  to  show  in  what  manner,  and  to 
which  other  atoms,  the  particular  carbon  atom  in  question  is 
directly  united.  Now,  if  this  be  done  in  the  case  of  benzene, 
it  is  clear  that  two  of  the  four  lines  or  bonds,  which  represent 
the  valency  of  each  carbon  atom,  must  be  drawn  to  meet  two 
other  carbon  atoms,  because  unless  each  carbon  atom  is 
directly  united  with  two  others,  the  six  could  not  together 
form  a closed-chain  j a third  line  or  bond  is  easily  accounted 
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for,  because  eacli  carbon  atom  is  directly  united  with  hydrogen. 
Iu  this  way,  however,  only  three  of  the  four  affinities  of  each 
carbon  atom  are  disposed  of,  whereas  it  is  assumed  that  carbon 
is  always  tetravalent,  and  it  is  known  that  each  of  the  carbon 
atoms  in  benzene  is  still  capable  of  combining  with  one  mono- 
valent group  or  atom. 

The  next  question,  then,  to  be  considered  is,  how  may  the 
fourth  affinity  or  combining  power  of  each  carbon  atom  be  re- 
presented so  as  to  give  the  clearest  indication  of  the  behaviour 
of  benzene  1 Many  chemists  have  attempted  to  answer  this 
question,  and  several  constitutional  formulae  for  benzene  have 
been  put  forward;  that  suggested  by  Kekule  in  1865  was 
for  a long  time  considered  to  be  the  most  satisfactory,  but 
others,  such  as  those  of  Claus  and  Ladenburg,  also  received 
support. 


H 

I 

C 


H 

I 

C 


n 

I 

c 


Kekule.  Claus.  Lailcnburg. 

(Diagonal  formula.)  (Prism  formula.) 


It  will  be  seen  that  these  three  formulae  all  represent  the 
molecule  of  benzene  as  a symmetrical  closed-chain  of  six 
carbon  atoms,  and  that  they  differ,  in  fact,  only  as  regards  the 
way  in  which  the  carbon  atoms  are  represented  as  being 
united  with  one  another;  a little  consideration  will  make  it 
clear,  moreover,  that  the  only  difference  between  them  lies  in 
the  manner  of  indicating  the  state  or  condition  of  the  fourth 
affinity  of  each  carbon  atom.  In  Kekule ’s  formula,  for 
example,  two  lines  (or  a double  bond)  are  drawn  between 
alternate  carbon  atoms,  a method  of  representation  which  is 
analogous  to  that  adopted  in  the  case  of  ethylene  and  other 
oletines ; in  the  formulae  of  Claus  and  Ladenburg,  on  the 
other  hand,  each  carbon  atom  is  represented  as  directly  united 
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with  three  others  (but  with  a different  three  in  the  two 
eases). 

As  it  would  be  impossible  to  enter  here  into  a discussion  of 
the  relative  merits  of  the  above  three  formulas,  it  may  at  once 
bbe  stated  that  they  are  all  to  some  extent  unsatisfactory,  as 
ithey  do  not  account  for  certain  facts  which  have  been 
established  by  Baeyer  during  an  extended  study  of  benzene 
derivatives.  In  order  to  meet  these  objections,  it  has  recently 
been  suggested  by  Armstrong,  and  shortly  afterwards  by 
IBaeyer,  that  the  constitution  of  benzene  may  be  best  repre- 
sented by  the  formula 


' which,  although  in  the  main  similar  to  those  given  above, 
especially  to  that  of  Claus,  differs  from  them  all  in  this  : 
The  fourth  affinity  of  each  of  the  six  carbon  atoms  is  repre- 
sented as  directed  towards  a centre  (as  shown  by  the  short 
lines)  in  order  to  indicate  that,  by  the  mutual  action  of  the 
six  affinities,  the  power  of  each  is  exhausted  or  rendered 
latent,  without  bringing  about  actual  union  with  another 
carbon  atom.  This  formula,  named  by  Baeyer  the  centric 
formula,  accounts  for  all  facts  relating  to  benzene  and  its 
derivatives,  at  least  as  well  as,  ami  in  some  respects  bettor 
than  any  which  has  yet  been  advanced,  and  its  very  indefinite- 
ness  must  be  regarded  as  a point  in  its  favour ; it  is,  therefore, 
generally  adopted  at  the  present  time. 

It  now  becomes  necessary  to  give  at  greater  length  a few 
of  the  more  important  arguments  which,  in  addition  to  those 
already  considered,  have  led  to  the  conclusion  that  the 
molecule  of  benzene  consists  of  a symmetrical  closed-chain 


h 


c 


Armstrong  (Centric  formula). 
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of  six  carbon  atoms,  each  of  which  is  united  with  one  atom 
of  hydrogen ; also  to  point  out  how  simply  and  accurately 
this  view  of  its  constitution  accounts  for  a number  of  facts, 
relating  to  benzene  and  its  derivatives,  which  would  other- 
wise be  incapable  of  explanation. 

In  the  first  place,  then,  it  may  be  repeated  that  benzene 
is  a very  stable  substance ; although  it  is  readily  acted  on  by 
powerful  chemical  agents,  such  as  nitric  acid,  sulphuric  acid, 
and  bromine,  and  thereby  converted  into  new  compounds, 
all  these  products  or  derivatives  of  benzene  contain  six  carbon 
atoms  ; the  hydrogen  atoms  may  be  displaced  by  certain  atoms 
or  groups,  and  these,  in  their  turn,  may  be  displaced  by  others, 
but  in  spite  of  all  these  changes,  the  six  atoms  of  carbon 
remain,  forming,  as  it  were,  a stable  and  permanent  nucleus. 
This  is  expressed  in  the  formula  by  the  closed-chain  of  six 
carbon  atoms,  all  of  which  are  represented  in  the  same  state 
of  combination,  which  implies  that  there  is  no  reason  why 
one  should  be  attacked  and  taken  away  more  readily  than 
another. 

Again,  a great  many  compounds,  which  may  be  prepared 
from,  and  converted  into,  benzene,  contain  more  than  six  atoms 
of  carbon  ; when,  however,  such  compounds  are  treated  in  a 
suitable  manner,  they  are  easily  converted  into  substances 
containing  six,  but  not  less  than  six  atoms  of  carbon.  This 
fact  shows  that  in  these  benzene  derivatives  there  are  six 
atoms  of  carbon  which  are  in  some  way  different  from  the 
others,  and  this  is  also  accounted  for  by  assuming  the 
existence  of  the  stable  nucleus ; the  additional  carbon  atoms, 
not  forming  part  of,  but  being  simply  united  with,  this 
nucleus,  are  more  easily  attacked  and  removed. 

Further,  it  will  be  remembered  that  although  benzene 
usually  gives  substitution  products,  it  is  capable,  under 
certain  conditions,  of  forming  additive  products  ot  the  typo 
C„H6X6 ; this  behaviour  is  also  accounted  for,  since,  in  the 
formula,  only  three  of  the  four  affinities  of  each  carbon  atom 
are  represented  as  actively  engaged,  and  each  carbon  atom  is 
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tthcrefore  capable  of  combining  directly  with  one  monovalent 
rntoni  or  group,  so  as  to  form  finally  a fully  saturated  com- 
i pound  of  the  type, 


When  benzene  is  partially  reduced  and  converted  into  a di-  or 
ttetra-additive  derivative,  the  compounds  obtained  differ  very  much 
from  the  original  hydrocarbon,  the  difference  being,  in  fact,  much 
■ the  same  as  that  which  exists  between  saturated  and  unsaturated 
compounds  ; in  other  words,  when  benzene  or  a derivative  of  benz- 
• ene  combines  with  two  or  four  monad  atoms,  the  product  is  no 
longer  characterised  by  great  stability,  but  shows  the  ordinary 
i behaviour  of  unsaturated  compounds,  inasmuch  as  it  is  readily 
oxidised  and  readily  combines  with  bromine. 

Dihydrobenzene,  CfiH8,  and  tetrahydrobenzene,  C8H10,  combine 
directly  with  bromine  at  ordinary  temperatures  to  form  the  com- 
j pounds  C6HhBr4  and  C6II]0Br2  respectively,  just  as  ethylene  under 
•similar  conditions  yields  ethylene  dibromide.  These  facts  are 
accounted  for  by  assuming  that,  whenever  benzene  and  its  derivatives 
are  converted  into  di-  and  tetra-additive  compounds,  the  symmetry 
of  the  molecule  is  disturbed  ; two  or  four  of  the  six  carbon  affinities 
(represented  in  the  centric  formula  by  the  short  lines  directed 
towards  the  centre)  being  now  occupied  in  combining  with  the 
additive  atoms,  the  remainder  are  released  from  their  original  state 
of  combination,  and  become  united  in  the  same  way  as  in  ethylene  ; 
di-  and  tetra  hydrobenzene,  for  example,  may  be  represented  by  the 
formulae 


x II 
c 


ii 


TT 


II 


H* 


Dihydrobenzene,  or 
benzene  dihydride. 


Tetrahydrobenzene,  or 
benzene  tetrahydride. 
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CHAPTER  XVIII. 


ISOMERISM  OF  BENZENE  DERIVATIVES,  AND  DETERMINATION 


The  most  convincing  evidence  that  the  molecule  of  benzene 
is  symmetrical  is  derived  from  a study  of  the  isomerism  of 
benzene  derivatives.  It  has  been  proved,  in  the  first  place, 
that  it  is  possible  to  substitute  1,  2,  3,  4,  5,  or  6 monovalent 
atoms  or  groups  for  a corresponding  number  of  the  hydrogen 
atoms  in  benzene,  compounds  such  as  bromobenzene,  CcHr)Br, 
dinitrobenzene,  CcII,(X02)2,  trimethylbenzene,  CcH3(CHs)3, 
tetrachlorobenzene,  C6H2C14,  pentam ethylbenzene,  C6II(CH3)5, 
and  hexacarboxybenzene,  C6(COOH)G,  being  produced ; the 
substituting  atoms  or  groups  may,  moreover,  be  identical  or 
dissimilar. 

An  examination  of  such  substitution  products  of  benzene 
has  shown  that  when  only  one  atom  of  hydrogen  is  displaced 
by  any  given  atom  or  group,  the  same  compound  is  always 
produced — that  is  to  say,  the  mono-substitution  products  of 
benzene  exist  only  in  one  form;  when,  for  example,  one  atom 
of  hydrogen  is  displaced  by  a nitro-group,  no  matter  in  what 
way  this  change  may  bo  brought  about,  the  same  substance, 
nitrobenzene,  C6H5- N 02,  is  always  produced. 

The  only  conclusion  to  be  drawn  from  this  fact  is  that  the 
molecule  of  benzene  is  symmetrical ; if  it  were  not,  but  were 
represented  by  any  formula,  such  as 


it  -would  be  possible,  by  displacing  one  atom  of  hydrogen,  to 
obtain  (at  least)  two  isomeric  products;  one  by  displacing  one 
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of  the  (a),  another  by  displacing  one  of  the  (b),  hydrogen 
aatoins. 

The  existence  of  the  mono-snbstitntion  products  of  benzene 
in  one  form  only,  might,  of  course,  be  explained  by  assuming 
t that  one  particular  hydrogen  atom  was  always  displaced  first; 
'when,  for  example,  acetic  acid  is  treated  with  soda,  only 
one  of  the  four  hydrogen  atoms  is  displaceable,  and  con- 
-sequently  the  same  salt  is  invariably  produced.  In  the  case 
of  benzene,  however,  it  has  been  shown  that  the  same  sub- 
stance is  formed  no  matter  which  of  the  six  hydrogen  atoms 
iis  displaced;  therefore  they  are  all  in  the  same  state  of  com- 
bination. 

The  manner  in  which  this  lias  been  done  may  he  indicated  1 >y  the 
i following  example:  Phenol,  C6H5-OH,  or  hydroxybenzene,  ob- 
tained indirectly  by  displacing  one  atom  of  hydrogen  (A)  by  the 
hydroxyl-group,  may,  with  the  aid  of  phosphorus  pentabromide, 
be  directly  converted  into  bromobenzene,  C8H5Br,  and  the  latter 
may  be  transformed  into  benzoic  acid  (or  carboxybenzene), 
C8Hs-COOH,  by  submitting  it  to  the  action  of  sodium  and  carbon 
dioxide  ; as  these  three  substances  are  produced  from  one  another 
by  simple  interactions,  there  is  every  reason  to  suppose  that  the 
carboxyl-group  in  benzoic  acid  is  united  with  the  same  carbon 
atom  as  the  bromine  atom  in  bromobenzene  and  the  hydroxyl- 
group  in  phenol ; that  is  to  say,  that  the  same  hydrogen  atom  (A) 
has  been  displaced  in  all  three  cases.  Now  the  benzoic  acid 
obtained  in  this  way  may  be  converted  into  three  dillerent 
hydroxy  benzoic  acids  of  the  composition  C0H4(OH)-COOH,  the  differ- 
ence between  them  being  due  to  the  fact  that  the  hydroxyl-group 
has  displaced  a different  hydrogen  atom  (B.C.D.)  in  each  case; 
each  of  these  hydroxybenzoic  acids  forms  a calcium  salt  which 
yields  phenol  on  distillation  (the  carboxyl-group  being  displaced 
by  hydrogen),  and  the  three  specimens  of  phenol  thus  produced  are 
identical  with  the  original  phenol ; it  is  evident,  therefore,  that  at 
least  four  (A.B.C.D.)  hydrogen  atoms  in  benzene  are  in  the  same 
state  of  combination,  and  occupy  the  same  relative  position  in  the 
molecule ; in  a similar  manner  it  can  be  shown  that  this  is  true  of 
all  six. 

Ly  substituting  two  monovalent  atoms  or  groups  for  two 
of  the  atoms  of  hydrogen  in  benzene,  three,  but  not  more 
than  three  substances  having  different  properties  are  obtained  ; 
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there  are,  for  example,  three  dinitrobenzenes,  C6H4(N09)2, 
three  dihromobenzenea,  C6H4Br2,  three  dihydroxybenzenes, 
C0H4(OH)2,  three  nitrohydroxybenzenes,  C6H4(N02)-0H,  and 
so  on. 

Three  isomerides  are  not  always  produced  in  any  particular 
reaction,  and  all  di-substitution  products  of  benzene  are  not  known 
to  exist  in  three  forms  ; but  from  the  study  of  a great  many  com- 
pounds of  this  kind,  it  is  practically  certain  that  they  all  could  be 
obtained  in  three  isomeric  modifications. 

Now  the  existence  of  these  three  isomerides  can  be 
accounted  for  in  a very  simple  manner  with  the  aid  of  the 
formula  already  given,  which,  for  this  purpose,  may  con- 
veniently be  represented  by  a simple  hexagon,  numbered  as 
shown,  the  symbols  C and  H being  omitted  for  the  sake  of 
simplicity. 


Suppose  that  any  mono-substitution  product,  C0H5X,  which, 
as  already  stated,  exists  only  in  one  form,  be  converted  into  a 
di-substitution  product,  C6H4X2 ; then  if  it  be  assumed  that 
the  atom  or  group  (X)  first  introduced  occupied  any  given 
position,  say  that  numbered  1,  the  second  atom  or  group  may 
have  substituted  any  one  of  the  hydrogen  atoms  at  2,  3,  4,  5, 
or  6,  giving  a substance,  the  constitution  of  which  might  he 
represented  by  one  of  the  following  live  formulae: 


x 

i.  ii.  hi.  iv.  v. 

These  five  formulae,  however,  represent  three  isomeric  sub- 
stances, and  three  only.  The  formula  (iv.)  represents  a com- 
pound in' which  the  several  atoms  occupy  the  same  relative 
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positions  as  in  the  substance  represented  by  the  formula  (n.), 
and  for  the  same  reason  the  formula  (v.)  is  identical  with 
([.).  Although  there  is  at  first  sight  an  apparent  difference,  a 
little  consideration  will  show  that  this  is  simply  due  to  the 
fact  that  the  formulae  are  viewed  from  one  point  only ; if  the 
formulae  iv.  and  v.  be  held  before  a mirror,  or  viewed  through 
the  paper,  it  will  be  seen  at  once  that  they  are  identical 
with  ii.  and  i.  respectively.  Each  of  the  formulae  i.,  n.,  and 
nr.,  on  the  other  hand,  represents  a different  substance,  because 
in  no  two  cases  are  all  the  atoms  in  the  same  relative  posi- 
tions ; in  other  words,  the  di-substitution  products  of  benzene 
exist  theoretically  in  three  isomeric  forms. 

In  the  foregoing  examples  the  two  substituting  atoms  or 
groups  have  been  considered  to  be  identical,  but  even  when 
they  are  different,  experience  has  shown  that  only  three  di- 
substitution products  can  be  obtained,  and  this  fact,  again, 
is  in  accordance  with  the  theory.  If  in  the  above  five 
formulas  either  of  the  X’s  be  written  Y to  express  a difference 
in  the  substituting  groups,  it  will  be  seen  that,  as  before,  the 
formula  i.  is  identical  with  v.,  and  ii.  with  iv.,  but  that  i.,  n. , 
and  m.  all  represent  different  arrangements  of  the  atoms — 
that  is  to  say,  three  different  substances. 

Since  the  cli-substitution  products  of  benzene  exist  in  three 
isomeric  forms , it  is  convenient  to  have  some  way  of  dis- 
tinguishing them  by  name ; for  this  reason  all  di-substitution 
products  which  are  found  to  have  the  constitution  repre- 
sented by  formula  i.  are  called  ortho-compounds,  and  the 
substituting  atoms  or  groups  are  said  to  be  in  the  ortho-  or 
1 : 2-position  to  one  another ; those  substances  which  may  be 
represented  by  the  formula  ii.  are  termed  meta-compounds, 
and  the  substituting  atoms  or  groups  are  spoken  of  as  occupy- 
ing the  meta-  or  1 : 3-position ; the  term  para  is  applied  to 
compounds  represented  by  the  formula  in.,  in  which  the 
atoms  or  groups  are  situated  in  the  para-  or  1: 4-position. 

Ortho-compounds,  then,  are  those  in  which  it  is  assumed, 
for  reasons  given  below,  that  the  two  substituting  atoms  or 
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groups  are  combined  with  carbon  atoms  whicli  arc  themselves 
directly  united ; instead  of  expressing  the  constitution  of  any 
ortho-compound  by  the  formula  I.,  and  representing  the 
substituting  atoms  or  groups  as  combined  with  the  carbon 
atoms  1 and  2,  it  would  therefore  be  just  the  same  if  they 
were  represented  as  united  with  the  carbon  atoms  2 and  3,  3 
and  4,  4 and  5,  5 and  6,  or  G and  1 ; the  arrangement  of  all 
the  atoms  would  be  the  same,  because  the  benzene  molecule 
is  symmetrical,  and  the  numbering  of  the  carbon  atoms 
simply  a matter  of  convenience.  In  a similar  manner  the 
substituting  atoms  or  groups  in  meta-compounds  may  be 
represented  as  combined  with  any  two  carbon  atoms  which 
are  themselves  not  directly  united,  but  linked  together  by  one 
carbon  atom ; it  is  quite  immaterial  which  two  carbon  atoms 
are  chosen,  since  atoms  or  groups  occupying  the  1:3,  2:4,  3:5, 
4:6,  or  5:l-position  are  identically  situated  with  regard  to  all 
the  other  atoms  of  the  molecule.  For  the  same  reason  para- 
compounds  may  be  represented  by  placing  the  substituting 
atoms  or  groups  in  the  1:4,  2:5,  or  3:6-position. 

When  more  than  two  atoms  of  hydrogen  in  benzene  are 
substituted,  it  has  been  found  that  the  number  of  isomerides 
differs  according  as  the  substituting  atoms  or  groups  are 
identical  or  not.  By  displacing  three  atoms  of  hydrogen  by 
three  identical  atoms  or  groups,  three  isomerides  can  be 
obtained,  three  trimethylbenzenes,  CfiH:j(CIL,)3,  for  example, 
being  known.  Again,  the  existence  of  these  isomerides  can  be 
easily  accounted  for,  since  their  constitutions  may  be  repre- 
sented as  follows  : 


I 

x 


Adjacent.  Asymmetrical.  Symmetrical. 

No  matter  in  what  other  positions  the  substituting  atoms  or 
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groups  be  placed,  it  will  be  found  that  the  arrangement  is 
l the  same  as  that  represented  by  one  of  the  above  formulae ; 
(the  position  1:2:3,  for  example,  is  identical  with  2:3:4,  3:4:5, 

■ &c. ; 1:3:4  with  2:4:5,  3:5:6,  &c.,  and  1:3:5  with  2:4:6.  For 
the  purpose  of  referring  to  such  tri-substitution  products,  the 
terms  given  above  are  often  employed. 

The  tetra-substitution  products  of  benzene,  in  which  all 
the  substituting  atoms  or  groups  are  identical,  also  exist  in 
three  isomeric  forms  represented  by  the  following  formulae  : 


"When,  however,  five  or  six  atoms  of  hydrogen  are  displaced  by 
identical  atoms  or  groups,  only  one  substance  is  produced. 

W lien  more  than  two  atoms  of  hydrogen  are  displaced  by  atoms 
or  groups  which  are  not  all  identical,  the  number  of  isomerides 
which  can  he  obtained  is  very  considerable;  in  the  case  of  any 
tri-substitution  product,  C6H3X2Y,  for  example,  six  isomerides 
might  be  formed,  as  may  be  easily  seen  by  assigning  a definite 
position,  say  1,  to  Y ; the  isomerides  would  then  be  represented  by 
formulae  in  which  the  groups  occupied  the  position  1:2:3,  1:2:4, 
1:2:.j,  1:2:0,  1:3:4,  or  1:3:5,  all  of  which  would  he  difierent. 

All  the  cases  of  isomerism  considered  up  to  the  present 
ha\o  been  those  duo  to  the  substituting  atoms  or  groups 
occupying  difierent  relative  positions  in  the  benzene  nucleus  ; 
as,  however,  many  benzene  derivatives  contain  groups  of  atoms 
which  themselves  exist  in  isomeric  forms,  such  compounds 
also  exhibit  isomerism  exactly  similar  to  that  already  met 
with  in  the  ease  of  the  paraffins,  alcohols,  &c.  There  are,  for 
example,  two  isomeric  hydrocarbons  of  the  composition 
CcH5-C:tH7>  namely,  propylhenzene,  C0Hr/CH.rCH.,-CH.„  and 
isopropylbenzene,  CflH6.CH(CH8)„  just  as  “there  are  two 
isomeric  ethereal  salts  of  the  composition  C;(TT7T.  As, 
moreover,  the  two  propylbenzenes,  CclI5.C.,II7,  are  isomeric 
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with  the  three  (ortho-,  rneta-,  and  para-)  ethylmethylbenzenes, 
C6H4(C2H5).CH3,  and  also  with  the  three  (adjacent,  sym- 
metrica], and  asymmetrical)  trimethylbenzenes,  CgH.^CH^g, 
tliere  are  in  all  eight  hydrocarbons  of  the  molecular  formula 
C9H12,  derived  from  benzene. 

In  studying  the  isomerism  of  benzene  derivatives,  the 
clearest  impressions  will  be  gained  by  invariably  making  use 
of  a simple,  unnumbered  hexagon  to  represent  C(.HG,  and  by 
expressing  the  constitutions  of  simple  substitution  products 
by  formulas  such  as 

no.2  no2  CH;, 


I 

Oil 


Chlorobenzene.  Dinitrobonzene.  Nitrophenol.  Trimethylbenzene. 

The  omission  of  the  symbols  C and  II  is  attended  by  no 
disadvantage  whatsoever,  because,  in  order  to  convert  the 
above  into  the  ordinary  molecular  formulae,  it  is  only  necessary 
to  write  C6  instead  of  the  hexagon,  and  then  to  count  the 
unoccupied  corners  of  the  hexagon  to  find  the  number  of 
hydrogen  atoms  in  the  nucleus,  the  substituting  atoms  or 
groups  being  added  afterwards.  In  the  case  of  chlorobenzene, 
for  example,  there  are  five  unoccupied  corners,  so  that  the 
molecular  formula  is  C0H5C1 ; whereas  in  the  case  of  tri- 
methylbenzene there  are  three,  and  the  formula,  therefore,  is 
C0H3(CI-I3)3. 

As,  however,  such  graphic  formula?,  occupy  a great  deal  of 
space,  their  constant  use  in  a text-book  is  out  of  the  question, 
and  other  methods  have  to  be  adopted.  The  most  usual 
course  in  the  case  of  the  di-derivatives  is  to  employ  the  terms 
ortho-,  meta-,  and  para-,  or  simply  the  letters  o,  m,  and  p,  as, 
for  example,  ortho-dinitrobenzene  or  o-dinitrobenzene,  meta- 
nitraniline  or  m-nitranilino,  para-nitroplienol  or  ^j-nitrophcnol ; 
the  relative  positions  of  the  atoms  or  groups  may  also  be  ex- 
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[pressed  bynumbers;  ortho-chlorouitrobeiizene,  for  example,  may 

;be  described  as  1 :2-cldoroaitrobenzene,  as  C0H4<fo  (2)>  or 
12  2 
1 C0H4Cl-NO2,  the  corresponding  para-compound  as  l:4-chloro- 

nitrobenzene,  as  CcH4<^Tq  (4),  or  as  CUH4C1-N0.,.  In  the 

case  of  the  tri-derivatives  the  terms  symmetrical,  asymmetrical, 
and  adjacent  (compare  p.  314)  may  be  employed  when  all  the 
atoms  or  groups  are  the  same,  but  when  they  are  different 
the  constitution  of  the  compound  is  usually  expressed  with 
the  aid  of  numbers;  the  tribromaniline  of  the  constitution 

nh3 


I 

Br 


for  example,  is  described  as  C0H.,Bra.NH2[13r:Br:Br:NH2], 
or  as  C0H2Br3*NH2[3Br:NH2  = 2:4:6:1],  and  it  is  of 
couisc  quite  immaterial  from  which  corner  of  the  imaginary 
hexagon  the  numbering  is  commenced. 


Determination  of  the  Constitution  of  Benzene  Derivatives. 

It  has  been  pointed  out  that  the  di-substitution  products 
of  benzene,  such  as  dibroinobenzene,  C6H4Br„,  dihydroxy- 
benzene,  C„H4(OH)a  and  nitraniline,  CuH4(Nd2)-^TH2,  exist 
in  three  isomeric  forms,  and  that  their  isomerism  is  due  to  the 
different  relative  positions  of  the  substituting  atoms  or  groups 
in  the  benzene  nucleus ; it  is  evident,  however,  that  in  order 
to  ai live  at  the  constitution  of  any  one  of  these  substances, 
and  to  bo  able  to  say  whether  it  is  an  ortho-,  meta-,  or  para- 
compound,  a great  deal  of  additional  information  is  required. 

Isow  the  methods  which  are  adopted  in  deciding  questions 
of  this  kind  at  the  present  time  are  comparatively  simple, 
but  they  are  based  on  the  results  of  work  which  has  extended 
over  many  years.  It  has  been  found,  in  the  first  place,  that 
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a given  (li-substitution  product  of  benzene  may  be  converted 
by  more  or  less  indirect  methods  into  many  of  the  other 
di-substitution  products  of  the  same  series ; orf/io-dinitroben- 
zene,  C0II4(]SrO2)2,  for  example,  may  be  transformed  into  o-dia- 
midobenzene,  C6H4(NH2)2,  o-dihydroxybenzene,  C6H4(OH)2, 
o-dibromobenzene,  GttH4Br2,  o-dimethylbenzene,  C6H4(CH3)«„ 
and  so  on,  similar  changes  being  also  possible  in  the  case  of 
meta-  and  para-compounds.  If,  therefore,  it  can  be  ascer- 
tained to  which  series  a given  di-substitution  product  belongs, 
the  constitution  of  other  di-substitution  products  of  this  series 
may  be  easily  determined;  suppose,  for  example,  that  it 
could  bo  proved  that  of  the  three  diuitrobenzenes,  the  com- 
pound melting  at  90°  is  a meta-compound,  then  it  would 
necessarily  follow  that  the  diamido-,  dihydroxy-,  dibromo-,  and 
other  di-derivatives  of  benzene  obtained  from  this  particular 
dinitro-compound  by  substituting  other  atoms  or  groups  for 
the  two  nitro-groups,  must  also  be  meta-compounds ; it  would 
also  be  known  that  the  di-derivatives  of  benzene  obtained 
from  the  other  two  dinitrobenzenes,  melting  at  118°  and  173° 
respectively,  in  a similar  manner  must  be  either  ortho-  or 
para-compounds. 

It  was  necessary,  therefore,  in  the  first  place,  to  determine 
the  constitution  of  one  or  two  di-derivatives  of  each  series; 
these  substances  then  served  as  standards,  and  the  constitu- 
tion of  any  other  di-derivative  was  established  by  converting 
it  by  suitable  reactions  into  one  of  these  standards. 

As  an  illustration  of  the  methods  and  arguments  originally 
employed  in  the  solution  of  problems  of  this  nature,  the  case 
of  the  dicarboxy-  and  dimethyl-derivatives  of  benzene  may 
be  quoted.  Of  the  three  diearboxybenzenes,  Cgll^COOII)^ 
one — namely,  plithalic  acid  (p.  425),  is  very  readily  converted 
into  its  anhydride,  but  all  attempts  to  prepare  the  anhydrides 
of  the  other  two  acids  (isophthalic  acid  and  terephthalic 
acid,  pp.  426,  427)  result  in  failure;  it  is  assumed,  therefore, 
that  the  acid  which  gives  the  anhydride  is  the  o-compouml, 
because,  from  a study  of  the  behaviour  of  many  other  dicar- 
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! boxy  lie  acids,  it  lias  been  found  that  anhydride  formation 
itakes  place  most  readily  when  the  two  carboxyl-groups  are 
^severally  combined  with  two  carbon  atoms  which  are  tliem- 
- selves  directly  united,  as,  for  example,  in  the  case  of  succinic 
acid.  In  other  words,  if  the  graphic  formulas  of  succinic 
acid  and  of  the  three  dicarboxy-derivatives  of  benzene  bo 
compared,  it  will  be  evident  that  in  the  o-compound  the 
i relative  position  or  state  of  combination  of  the  two  carboxyl- 
groups  is  practically  the  same  as  in  succinic  acid,  but  quite 
otherwise  in  the  case  of  the  m-  and  ^-compounds. 


CH..— COOII 


cn.,— cooii 


-cooh 


-cooii 


-cooii 


cooii- 


-COOII 


I 

COOII 


For  this,  and  other  reasons  not  stated  here,  phtlmlic  acid 
may  be  provisionally  regarded  as  an  oW/io-diearboxybenzenc. 

Again,  the  hydrocarbon  mesitylene  or  trimethylbenzene, 
(^H^Cir.,^,  may  bo  produced  synthetically  from  acetone 
(p.  337),  and  its  formation  in  this  way  can  be  explained  in 
a simple  manner,  only  by  assuming  that  mesitylene  is  a 
symmetrical  trimethylbenzene  of  the  constitution  (A). 


CII;!  coon 

Mesitylene.  Mcsityleuic  Acid. 


Dimcthylbenzeno.  Isoplithnlic  Acid. 

(Isoxylone.) 


"When  this  hydrocarbon  is  carefully  oxidised,  it  yields  an  acid 
(I>)  ol  the  composition  Ci;ir.,(Cir.,).,.CO()ir  (by  the  conversion 
of  one  of  the  methyl-groups  into  carboxyl),  from  which  a 
dimethylbenzene,  C0II4(GH3)2  (C),  is  easily  obtained  by  the 
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substitution  of  hydrogen  for  the  carboxyl-group.  This  di- 
methylbenzene,  therefore,  is  a ?»e/a-compound,  because  no 
matter  which  of  the  original  three  methyl-groups  in  mesityl- 
ene  has  been  finally  displaced  by  hydrogen,  the  remaining 
two  must  occupy  the  m-position.  Now  when  this  dimethyl- 
benzene  is  oxidised  with  chromic  acid,  it  is  converted  into  a 
dicarboxylic  acid  (D)— namely,  isophthalic  acid,  CcH4(COOH)2, 
which,  therefore,  must  also  be  regarded  as  a meta-compound ; 
the  constitution  of  two  of  the  three  isomeric  dicarboxy-deriva- 
tives  of  benzene  having  been  thus  determined,  the  third — 
namely,  terephthalic  acid,  can  only  be  the  £>ara-compound. 

It  is  now  a comparatively  simple  matter  to  ascertain  to 
which  series  any  of  the  three  dim  ethylbenzenes  belongs; 
one  of  them  having  been  found  to  be  the  meta-compound, 
all  that  is  necessary  is  to  submit  each  of  the  other  two  to 
oxidation,  and  that  which  gives  phtlialic  acid  will  be  the 
ortho-compound,  whilst  that  which  yields  terephthalic  acid 
will  be  the  para-derivative.  Moreover,  the  constitution  of 
any  other  di-substitution  product  of  benzene  may  now  be 
determined  without  difficulty,  provided  that  it  is  possible 
to  convert  it  into  one  of  these  standards  by  simple  reactions. 

As  the  methods  which  have  just  been  indicated  are  based 
entirely  on  arguments  drawn  from  analogy,  or  from  deductions 
as  to  the  probable  course  of  certain  reactions,  the  conclusions 
to  which  they  lead  cannot  be  accepted  without  reserve ; there 
are,  however,  several  other  ways  in  which  it  is  possible  to 
distinguish  with  much  greater  certainty  between  ortho-,  meta-, 
and  para-compounds,  and  of  these  that  employed  by  Korner 
may  be  given  as  an  example. 

Korncr’s  method  is  based  on  the  fact  that,  if  any  di-sub- 
stitution product  of  benzene  be  converted  into  a tri-derivative 
by  further  displacement  of  hydrogen  of  the  nucleus,  the 
number  of  isomerides  which  may  be  obtained  from  an  ortho-, 
meta-,  and  para-compound  is  different  in  the  three  cases,  so  that 
by  ascertaining  the  number  of  these  products  the  constitution 
of  the  original  di-derivative  may  be  established.  Suppose, 
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f or  example,  that  one  of  the  three  isomeric  dibromohenzenes 
oe  converted  into  nitrodibromobonzene  by  treatment  with 
nitric  acid;  then,  if  it  be  the  orMo-dibromo-compound,  it 
'S  possible  to  obtain  from  it  two,  but  only  two,  nitrodibromo- 
oenzenes,  because,  although  there  are  four  hydrogen  atoms, 
my  one  of  which  may  be  displaced  by  a nitro-group,  as 
•epresented  by  the  following  formulae, 


I.  II.  III.  IV. 

he  compound  of  the  constitution  (iii.)  is  identical  with  (n.), 
nd  (iv.)  with  (i.),  the  relative  positions  of  all  the  atoms 
oeing  the  same  in  the  two  cases  respectively. 

If,  on  the  other  hand,  the  dibromobenzene  be  the  meta-com- 
iound,  it  might  yield  three,  and  only  three,  isomeric  nitro- 
erivatives,  which  would  be  represented  by  the  first  three  of  the 
ollowing  formula},  the  fourth  being  identical  with  the  second : 


Br  Br  Br  Br 


NOo 


Finally,  if  the  substance  in  question  be  ywa-dibromo- 
enzene,  it  could  give  only  one  nitro-derivative,  the  following 
our  formulae  being  identical  : 


Br  Br  Br  Br 


It  is  obvious,  then,  that  this  method  may  be 


i 

Br 

applied  in 


U 
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ascertaining  to  which  series  any  di-substitution  product 
belongs  ; it  may  also  be  employed  in  determining  the  con- 
stitution of  the  tri-derivatives  in  a similar  manner. 

At  the  present  time,  therefore,  the  constitution  of  any  new 
benzene  derivative  is,  as  a rule,  very  easily  ascertained ; it  is 
simply  converted  into  some  compound  of  known  constitution, 
or  the  number  of  isomerides  obtained  from  it  by  substitution 
is  determined. 


CHAPTER  XIX. 

GENERA!,  PROPERTIES  OF  AROMATIC  COMPOUNDS. 

Classification  of  Organic  Compounds. — The  examples  given 
in  the  foregoing  pages  will  have  afforded  some  indication  of 
the  large  number  of  compounds  which  it  is  possible  to  prepare 
from  benzene,  by  the  substitution  of  various  elements  or 
groups  for  atoms  of  hydrogen ; as  the  substances  formed  in 
this  way,  and  many  other  benzene  derivatives  which  occur  in 
nature,  or  may  be  prepared  synthetically,  still  retain  much  of 
the  characteristic  chemical  behaviour  of  benzene,  and  differ 
in  many  respects  from  the  paraffins,  alcohols,  acids,  and  all 
other  compounds  previously  considered  (part  i.),  it  is  con- 
venient to  class  benzene  and  its  derivatives  in  a separate 

group. 

Organic  compounds  are  therefore  classed  in  two  principal 
divisions,  the  fatty  and  the  aromatic.  The  word  ‘fatty,’ 
originally  applied  to  some  of  the  acids  of  the  CnH2ll02  series 
(part  i.  p.  142),  is  now  used  to  denote  all  compounds  which 
may  be  considered  as  derivatives  of  marsh-gas,  and  which 
cannot  be  regarded  as  directly  derived  from  benzene ; all  the 
compounds  described  in  part  i.  belong  to  the  fatty  group  or 
division.  Benzene  and  its  derivatives,  on  the  other  hand, 
are  classed  in  the  ‘aromatic’  group,  this  term  having  been 
first  applied  to  certain  naturally  occurring  compounds  (which 
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have  since  been  proved  to  be  benzene  derivatives)  on  account 
of  their  peculiar  aromatic  odour. 

The  fundamental  distinction  between  fatty  and  aromatic 
i compounds  is  one  of  constitution.  The  reasons  which  have 
led  to  the  conclusion  that  benzene  contains  a closed  chain  of 
six  carbon  atoms  being  equally  valid  in  the  case  of  its  deri- 
vatives, it  is  assumed  that  this  (or  a similar)  nucleus  is  present 
in  all  aromatic  compounds.  The  constitution  of  a fatty  com- 
pound, however,  is  almost  invariably  expressed  by  a formula 
such  as  CHs-CH2-CH2.CH3,  CH2(OH).CH(OH).CH2(OH),  and 
1 COOH-CH2-CH2-COOH,  in  which  the  carbon  atoms  do  not 
form  a closed-,  but  an  open-chain ; * such  compounds,  more- 
over, may  bo  regarded  as  derived  from  marsh-gas  by  a series 
of  simple  steps.  For  these  reasons,  compounds  belonging  to 
the  fatty  series  are  often  spoken  of  as  open-chain  compounds, 
i in  contradistinction  to  the  closed-chain  compounds  of  the 
aromatic  group. 

It  must  not,  however,  be  supposed  that  all  aromatic  are 
sharply  distinguished  in  any  way  from  all  fatty  compounds, 
or  that  either  class  can  be  defined  in  any  exact  terms.  Many 
compounds,  the  constitutions  of  which  must  be  represented 
by  closed-chain  formulae,  are  nevertheless  placed  in  the  fatty 
group,  simply  because  to  class  them  in  the  aromatic  division 
would  remove  them  from  those  substances  to  which  they  are 
most  closely  related  ; succinimido  (part  i.  p.  237),  for  example, 
i is  a closed-chain  compound  in  the  strict  sense  of  the  word, 
but  is  clearly  more  conveniently  considered  in  the  fatty  series, 

1 because  of  its  relationship  to  succinic  acid.  Although,  again, 
the  members  of  the  aromatic  group  may  all  bo  regarded  as 
derivatives  of  benzene,  they  may  also  be  considered  ns  derived 
from  marsh-gas,  since  not  only  benzene  itself,  but  many  other 
aromatic  compounds,  may  be  directly  obtained  from  members 

* 'I lie  terms  ‘ open-chain’  and  ‘ closcd-cliain  ’ originated  in  the  chain-liko 
appearance  of  the  graphic  formulas  as  usually  written,  and  are  not  intended 
to  convey  the  idea  that  the  atoms  are  joined  together  by  any  form  of 
matter,  or  that  they  are  all  arranged  in  straight  lines. 
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of  the  fatty  series  by  simple  reactions,  and,  conversely,  many 
aromatic  compounds  may  be  converted  into  those  of  the  fatty 
series. 

Some  examples  of  the  production  of  aromatic  from  fatty 
compounds  have  already  been  given — namely,  the  formation 
of  benzene  by  the  polymerisation  of  acetylene,  and  that 
of  mesitylene  by  the  condensation  of  acetone ; these  two 
changes  may  be  expressed  graphically  in  the  following 
manner : 


CII3' 
CII3— CO' 


II 
II-C 


cn3 

I 

,co 


C-II 


C-H 


'CH3 


CH3 

CO— CH3 


CII 

CIIkT  1 >.CH 


CH 


|<t> 


CII 


CH 


CH3-C 


ch3 

A 

l<T> 

Ki> 


+ 3H„0, 


-CII3 


CII 


and  may  be  regarded  as  typical  reactions,  because  many  other 
substances,  similar  in  constitution  to  acetylene  and  acetone 
respectively,  may  be  caused  to  undergo  analogous  transforma- 
tions. Bromacetylene,  CBriCH,  for  example,  may  be  con- 
verted into  (symmetrical)  tribromobenzene,  simply  by  leav- 
ing it  exposed  to  direct  sunlight, 

3C2HBr  = C6H3Br3; 

and  methylethyl  ketone  (a  homologue  of  acetone)  is  trans- 
formed into  symmetrical  triethylbenzene  (a  homologue  of 
mesitylene)  by  distilling  it  with  sulphuric  acid, 

3CH8.CO.C2H5  = C6H3(C2H6)3  + 3H20. 

General  Character  of  Aromatic  Compounds. — Although, 
then,  it  is  impossible  to  draw  any  sharp  line  between  fatty  and 
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aromatic  compounds,  and  many  substances  are  known  which 
form  a connecting  link  between  the  two  divisions,  the  great 
majority  of  aromatic  substances  differ  materially  from  those 
of  the  fatty  division  in  constitution,  and  consequently  also  in 
properties. 

Speaking  generally,  aromatic  compounds  contain  a larger 
percentage  of  carbon  than  those  of  the  fatty  division,  and 
probably  for  this  reason,  they  are  more  frequently  crystalline 
at  ordinary  temperatures.  They  are,  as  a rule,  less  readily 
resolved  into  simple  substances  than  are  the  members  of  the 
fatty  series,  although  in  most  cases  they  are  more  easily  con- 
verted into  substitution  products.  Their  behaviour  with 
nitric  acid  and  with  sulphuric  acid  is  very  characteristic,  and 
distinguishes  them  from  nearly  all  fatty  compounds,  inas- 
much as  they  are,  as  a rule,  readily  converted  into  nitro-  and 
sulphonic-derivatives  respectively  by  the  displacement  of 
hydrogen  atoms  of  the  nucleus, 

C, Tycoon  + HN03  = C8H4<^H  + H20 
C6H5-OH  + 3imOs  = C6H2(0H)(X02)3  + 3H,0 

AT  TT 

C6H5.NHj  + H2S04  = C6H4<g0  |j  + H20. 

Fatty  compounds  rarely  give  sulphonic-  or  nitro-deriva- 
tives  under  the  same  conditions,  but  are  acted  on  in  such 
a way  that  they  are  resolved  into  two  or  more  simpler 
substances. 

When  aromatic  nitro-compounds  are  treated  with  reducing 
agents,  they  are  converted  into  amido-compounds, 

CaH0.NO,  + 611  = C0H5.NII,  + 2H20 
C0lI4(XO2)2  + 12TI  = C0lI4(Xiy,  + 4H20. 

These  amido-compounds  differ  from  the  fatty  amines  in  at 
least  one  very  important  respect,  inasmuch  as  they  are  con- 
verted into  diazo-conipounds  (p.  370)  on  treatment  with  nitrous 
acid  in  the  cold;  this  behaviour  is  highly  characteristic,  and 
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the  diazo-compounds  form  one  of  the  most  interesting  and 
important  classes  of  aromatic  substances. 

It  has  already  been  pointed  out  that  benzene  does  not 
show  the  ordinary  behaviour  of  unsaturated  fatty  compounds, 
although  under  certain  conditions  both  the  hydrocarbon  and 
its  derivatives  are  capable  of  forming  additive  compounds  by 
direct  combination  with  two,  four,  or  six  (but  not  with  one, 
three,  or  five)  monovalent  atoms.  This  fact  proves  that 
benzene  is  not  really  a saturated  compound  like  methane,  or 
ethane,  for  example,  both  of  which  are  quite  incapable  of 
yielding  derivatives  except  by  substitution.  Nevertheless, 
the  conversion  of  benzene  and  its  derivatives  into  additive 
products,  is,  as  a rule,  much  less  readily  accomplished  than  in 
the  case  of  fatty,  unsaturated  compounds ; the  halogen  acids, 
for  example,  which  unite  directly  with  so  many  unsaturated 
fatty  compounds,  have  no  such  action  on  benzene  and  its 
derivatives,  and  even  in  the  case  of  the  halogens  and  nascent 
hydrogen,  direct  combination  occurs  only  under  particular 
conditions.  The  compounds,  such  as  dihydrobenzene,  C6Hg, 
tetrahydrobenzene,  C0H10,  benzene  hexachloride,  C0H6C10,  and 
benzene  liexahydride,  C0H12  (hexamethylene),  obtained  in  this 
way,  have  not  yet  been  very  fully  investigated,  but  from 
what  is  known  of  their  properties,  they  form  a connecting 
link  between  the  members  of  the  aromatic  and  fatty 
divisions  (compare  p.  309). 

When  the  hydrogen  atoms  in  benzene  are  displaced  by 
groups  or  radicles  which  are  composed  of  several  atoms, 
these  groups  are  spoken  of  as  side-chains;  ethylbenzene, 
C6H5-CH2-UH3,  benzyl  alcohol,  C|.)H5-CII2-OII,  and  methyl 
aniline,  C8H6*NH-CHS,  for  example,  would  each  be  said  to 
contain  a side-chain,  whereas  the  term  would  not,  as  a rule, 
be  applied  in  the  case  of  phenol,  C6H5-OH,  nitrobenzene, 
C6H5-N02,  &c.,  where  the  substituting  groups  are  com- 
paratively simple,  and  do  not  contain  carbon  atoms. 

Now  the  character  of  any  particular  atom  or  group  in  the 
side-chain,  although  influenced  to  some  extent  by  the  fact 
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I that  the  group  is  united  with  the  benzene  nucleus,  is  on  the 
■whole  very  similar  to  that  which  it  possesses  in  fatty  com- 
pounds. The  consequence  is  that  aromatic  compounds  con- 
i taining  side-chains  of  this  kind  have  not  oidy  the  properties 
already  referred  to,  as  characteristic  of  the  derivatives,  of 
benzene,  but  show  also,  to  a certain  extent,  the  behaviour 

■ of  fatty  compounds.  Benzyl  chloride,  C0HS-CIT,C1,  for  ex- 
; ample,  may  be  directly  converted  into  the  nitro-derivative, 

■ C6H4(N02)-CH2C1,  and  the  sulphonic  acid,  C6H4(S03H)-CH2C1, 
reactions  characteristic  of  aromatic  compounds ; on  the 
other  hand,  the  -CII2C1  group  may  be  transformed  into 
— CHjj-OII,  -CIIO,  -COOll,  and  so  on,  just  as  may  the  same 
group  in  ethyl  chloride,  CH3-CH2C1,  and  similar  fatty  com- 
pounds, and  in  all  cases  the  products  retain,  to  some  extent, 
the  properties  of  fatty  substances  as  long  as  the  side-chain 
remains.  The  groups  forming  the  side-chains,  however,  are 
more  easily  attacked  and  removed  than  the  closed-chain 
or  nucleus ; when  ethylbenzene,  C01I3-CH2-CH3,  or  propyl- 
benzene,  C„H5.CH2.CH2.CH„  for  example,  is  boiled  with 
chromic  acid,  the  side-chain  undergoes  oxidation,  carbon 
dioxide  is  evolved,  and  benzoic  acid,  CcII- -COOII,  is  pro- 
duced in  both  cases,  the  six  atoms  of  carbon  in  the  nucleus 
being  unchanged  (p.  417). 

Although  the  compounds  derived  from  benzene  by  direct 
substitution  are  very  numerous,  the  aromatic  group  also 
contains  a great  many  other  substances  which  are  more 
distantly  related  to  benzene,  and  which  can  only  be  re- 
garded as  derived  from  it  indirectly.  The  hydrocarbon 
diphenyl,  C0H5-C8H6,  for  example,  which,  theoretically, 
is  formed  by  the  union  of  two  phenyl  or  C6II5-  groups, 
just  as  dimethyl  or  ethane,  CH3-CH3,  is  produced  by  the 
combination  of  two  methyl-groups,  is  an  important  member 
of  the  aromatic  division,  and,  like  benzene,  is  capable  of 
yielding  a very  large  number  of  substitution  products. 
Other  hydrocarbons  are  known  in  which  the  presence  of  two 
or  more  closed  carbon  chains,  combined  in  different  ways, 
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must  be  assumed,  as,  for  example,  in  the  cases  of  naphthalene 
(p.  442)  and  anthracene  (p.  437), 


and  there  are  also  substances,  such  as  pyridine  (p.  472)  and 
quinoline  (p.  480),  in  which  a nitrogen  atom  occupies  the 
position  of  one  of  the  groups  in  the  closed-chain. 


Pyridine.  Quinoline. 

All  these,  and  many  other  compounds  and  their  derivatives, 
are  classed  as  aromatic,  because  they  show  the  general  be- 
haviour already  referred  to,  and  resemble  benzene  more  or  less 
closely  in  constitution. 


CHAPTER  XX. 

IIOMOLOGUES  OF  BENZENE. 

Benzene,  the  simplest  hydrocarbon  of  the  aromatic  group, 
is  also  the  first  member  of  a homologous  series  of  the  general 
formula  CmH2jl_6;  the  hydrocarbons  of  this  series  are  derived 
from  benzene  by  the  substitution  of  alkyl-groups  for  hydrogen 
atoms,  just  as  the  homologous  series  of  paraffins  is  derived 
from  marsh-gas.  The  second  member,  toluene  or  methyl- 
benzene,  C6H5-CHs,  like  benzene  itself,  exists  in  only  one 
form,  but  the  next  higher  homologue,  which  has  the  mole- 
cular composition  C8H10,  occurs  in  four  isomeric  forms — • 
namely,  as  ethylbenzene,  C0H5-C.,H5,  and  as  ortho-,  meta-, 
and  para-dimethylbenzene,  C(;H4(CH;j)0  ; on  passing  up  the 
series,  the  number  of  theoretically  possible  isomerides  rapidly 


increases. 
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By  substituting  a methyl-group  for  one  atom  of  hydrogen  in 
the  hydrocarbon  C8II101  for  example,  eight  isomerides  of  the  com- 
I position  C9H12  may  theoretically  he  obtained,  and  are,  in  fact, 
known ; of  these  isomerides,  five — namely,  propylbenzene  and  iso- 
I propylbenzene,  C6H5C3H7,  and  o-,  m -,  and  ^-methyletbylbenzene, 
1 C0H4(CHs)-C2H5,  are  derived  from  ethylbenzene,  the  other  three 
— namely,  symmetrical,  adjacent,  and  asymmetrical  trimethyl- 
benzene,  CuH^jCH;,);),  being  derived  from  the  dimethylbenzenes. 

IMost  of  the  hydrocarbons  of  this  series,  and  others  which 
will  be'  mentioned  later,  occur  in  coal-tar,  from  which  they 
arc  extracted  in  much  the  same  way  as  benzene ; it  is, 
however,  exceedingly  difficult  to  obtain  any  of  them  in  a 
pure  state  directly  from  this  source  by  fractional  distillation, 
as  the  boiling-points  of  some  of  the  compounds  lie  very  close 
together ; nevertheless,  the  process  is  now  carried  out  on 
the  large  scale  with  such  care  and  with  such  perfect  apparatus 
that  the  purified  compounds  contain,  in  some  cases,  only  traces 
of  foreign  substances. 

The  homologues  of  benzene  may  be  obtained  by  the 
following  general  methods  : 

(1)  By  treating  benzene  or  its  homologues  with  alkyl 
halogen  compounds  in  presence  of  anhydrous  aluminium 
chloride  (Friedel  and  Craft’s  reaction);  under  these  condi- 
tions the  hydrogen  atoms  of  the  nucleus  are  displaced  by 
alkyl-groups,  benzene  and  methyl  chloride,  for  example, 
giving  toluene^  C0H5-CH3,  xylene,  C6H4(CH3)2,  trimethyl- 
bcnzene,  C0H.j(CH;))3,  &c. ; whereas  ethylbenzene,  with  the  same 
alkyl  compound,  yields  methylethylbenzeno,  C(JH4(CIT3)-C.)H5, 
dimethylethylbenzene,  C0H3(CH3)2.C2H5,  and  ’ so  on.  These 
syntheses  may  be  expressed  by  equations  such  as  the 
following,  but  the  exact  nature  of  the  interaction  is  not 
known  : 

C,ll,  + CIIX1  = C,.H5.CH3  + HC1 
CeH0  + 2CILC1  = CeTI4(CH3)2  + 2HC1 

c0n5.cjr.  + cir3ci  = c0h4(ch3).c2i-i5  + nci. 

It  is  probable  that  an  aluminium  compound,  such  as 
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CuH5-A12CJ5,  is  first  formed  with  evolution  of  hydrogen 
chloride,  this  substance  then  interacting  with  the  alkyl  halogen 
compound  to  form  the  hydrocarbon,  aluminium  chloride  being 
regenerated, 

Cel-I5.A12C15  + CH3C1  = CgH5.CH3  + A12C16; 

an  alkyl  bromide  may  be  used  instead  of  the  chloride,  and 
anhydrous  ferric  or  zinc  chloride  may  be  employed  in  the 
place  of  aluminium  chloride,  but,  as  a rule,  not  so  success- 
fully. 

Anhydrous  benzene,  or  one  of  its  liomologues,  is  placed  in  a flask 
connected  with  a reflux  condenser,  and  about  one-third  of  its  weight 
of  anhydrous  aluminium  chloride  added;  the  alkyl  chloride  or 
bromide  is  then  passed  into  the  liquid  if  a gas,  or  poured  in,  if  a 
liquid,  and  the  mixture  heated  on  a water-bath  until  the  evolution 
of  hydrogen  chloride  or  bromide  is  at  an  end;  the  apparatus  and 
materials  must  be  dry.  In  some  cases  ether,  carbon  bisulphide,  or 
petroleum  is  previously  mixed  with  the  hydrocarbon  in  order  to 
dilute  it,  experience  having  shown  this  to  be  advantageous.  When 
quite  cold,  water  is  gradually  added  to  dissolve  the  aluminium 
compounds,  and  after  having  been  separated  and  dried  with  calcium 
chloride,  the  mixture  of  hydrocarbons  is  submitted  to  fractional 
distillation ; in  some  cases  a preliminary  distillation  in  steam  is 
advisable.* 

(2)  By  treating  a mixture,  consisting  of  a halogen  deriva- 
tive of  benzene  or  of  one  of  its  liomologues,  and  an  alkyl 
halogen  compound,  with  sodium  or  potassium  (Fittig’s  re- 
action) ; this  method  of  formation  is  similar  to  that  by  which 
the  higher  paraffins  may  be  synthetically  produced  from 
methane,  and  has  the  advantage  over  Friedel  and  Craft’s 
method  that  the  constitution  of  the  product  is  known. 
Bromobenzene  and  methyl  iodide,  for  example,  give  toluene, 
whereas  0-,  m-,  or  y>bromo toluene  and  ethyl  iodide  yield  0-, 
m-,  or  j;-e  thy  line  thy  lbenzene, 

C0H5Br  + CIF/I  + 2Na  = C0H5-CH8  + Nal  + NaBr 
C0H4Br-CH3  + C2H5I  + 2K  = C0H4<g[|  + IvBr  + KL 

* In  most  cases  the  detailed  description  of  the  preparation  of  substances 
is  given  in  small  print. 


U0S10L0GUES  OF  BENZENE. 


331 


The  bromo-derivatives  of  the  aromatic  hydrocarbons  are 
i usually  employed  in  such  cases  because  the  chloro-derivatives 
; are  not  so  readily  acted  on,  and  the  iodo-compounds  are  not 
so  easily  prepared;  the  alkyl  iodides  are  also  used  in  pre- 
ference to  the  chlorides  or  bromides  because  they  interact  more 
i readily. 

(3)  By  heating  carboxy-derivatives  of  benzene  and  its 
homologuos  with  soda-lime,  a method  analogous  to  that 
employed  in  converting  the  fatty  acids  into  paraffins, 

cA<cooh  = cA-ch3  + co. 

C.C,  Cpi  j h i i [ = C.H,  + 2 CO.. 

(4)  By  passing  the  vapour  of  hydroxy-derivatives  of  benz- 
ene and  its  homologues  over  heated  zinc-dust,  which  acts  as 
a powerful  reducing  agent  by  combining  with  the  oxygen  in 
the  compound, 

C6H6.OH  + Zn  = C0H0  + ZnO 

Pj-T 

CfiH4<oK  + Zu  = C0H5.CH8  + ZnO. 

(5)  By  the  destructive  distillation  of  coal,  wood,  peat,  &c., 
and  by  passing  the  vapour  of  many  fatty  compounds  through 
red-hot  tubes  (compare  p.  300). 

General  Properties. — Most  of  the  homologues  of  benzene 
are  colourless,  mobile  liquids,  resembling  benzene  in  smell 
and  in  ordinary  physical  properties ; one  or  two,  however, 
am  crystalline  at  ordinary  temperatures.  They  all  distil 
without  decomposition,  are  volatile  in  steam,  and  burn  with 
a smoky  flame ; they  are  insoluble  in  water,  but  miscible 
with  alcohol,  ether,  petroleum,  &c.,  in  all  proportions ; they 
dissolve  fats  and  many  other  substances  which  are  insoluble 
in  water. 

Just  as  in  other  homologous  series,  the  homologues  of 
benzene  show  a gradual  variation  in  physical  properties  with 
increasing  molecular  weight ; an  example  of  this  is  afforded 
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by  the  following  mono-substitution  products  of  benzene,  only 
the  last  of  which  occurs  in  two  isomeric  forms  : 

Benzene,  Toluene,  CjHg.  Ethylbenzene,  C«Hi0.  '’•opylbenzcae,  CUIIJ4. 

Normal.  Iso. 

Sp.gr.  at  0°  0-899  0-882  0-866  (at  20°)  0-881  0-879 

B.p.  80-5°  110-3°  134“  157°  153°. 

In  the  case  of  the  ^/-substitution  products  the  gradual  variation 
in  physical  properties  is  obscured  by  the  existence  of  the 
three  (or  more)  isomeric  forms,  which  themselves  show 
considerable  differences,  as  illustrated  by  the  three  isomeric 
xylenes,  C6H4(CH3)2, 

Ortlioxyleue.  Metaxylene.  Paraxylene. 

Sp.  gr.  at  O’  0-893  0-881  0-880 

B.p.  142-143“  139“  136-137“  (M.p.  15°). 

As  a general  rule,  to  which,  however,  there  are  some  ex- 
ceptions, para-compounds  melt  at  a higher  temperature  than 
the  corresponding  meta-compounds,  and  the  latter  usually  at 
a higher  temperature  than  the  corresponding  ortho-compounds; 
the  boiling-points  also  vary,  but  with  less  regularity. 

The  liomologues  of  benzene  show  the  characteristic  chemical 
behaviour  of  the  simplest  hydrocarbon,  inasmuch  as  they 
readily  yield  nitro-  and  sulphonic-derivatives ; toluene,  for 
example,  gives  nitrotoluene,  C6H4(CH3)-N02,  and  toluene- 
sulphonic  acid,  CGH4(CH3)-S03H,  xylene  yielding  nitro- 
xylene,  C6H3(CH3)2-N02,  and  xylenesulphonic  acid, 

c6h3(ch8)2.so3h. 

In  these,  and  in  all  similar  reactions,  the  product  invariably 
consists  of  a mixture  of  isomericles,  the  course  of  the  reaction 
depending  both  on  the  nature  of  the  interacting  compounds 
and  on  the  conditions  of  the  experiment  (compare  p.  351);  as 
a rule,  the  greater  the  number  of  alkyl-groups  in  the  hydro- 
carbon, the  more  readily  it  yields  nitro-  and  sulphonic-deri- 
vatives. 

The  fact  that  benzene  and  its  homologues  gradually  dissolve 
in  concentrated  sulphuric  acid,  especially  on  warming,  is  some- 
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ttimes  made  use  of  in  separating  these  aromatic  hydrocarbons 
(from  the  paraffins,  as,  for  example,  in  the  analysis  of  coal- 
.gas  ; their  separation  from  unsaturated  fatty  hydrocarbons 
could  not  of  course  be  accomplished  in  this  way,  as  the  latter 
are  also  dissolved  by  concentrated  sulphuric  acid. 

All  the  homologucs  of  benzene  are  very  stable,  and  are  with 
difficulty  resolved  into  compounds  containing  a smaller  number 
of  carbon  atoms ; powerful  oxidising  agents,  however,  such  as 
chromic  acid,  potassium  permanganate,  and  dilute  nitric  acid, 
act  on  them  slowly,  the  alkyl-groups  or  side-chains  being 
attacked,  and  as  a rule  converted  into  carboxyl-groups ; toluene 
ami  ethylbenzene,  for  example,  give  benzoic  acid,  whereas  the 
xylenes  yield  dicarboxylic  acids  (p.  424), 

C6H6.CH3  + 30  = C6H6-COOH  + TT.,0 
CeHg-CHg-CELj  + 60  = C6H5.COOH  + C02  + 2Ha0 
C0H4(CH3)2  + 60  = C6H4(COOH)2  + 2HS0. 

Although  in  most  cases  oxidation  leads  to  the  formation  of 
a carboxy-derivative  of  benzene,  the  stable  nucleus  of  six 
carbon  atoms  remaining  unchanged,  some  of  the  homologucs 
are  completely  oxidised  to  carbon  dioxide  (compare  p.  337), 
and  benzene  itself  undergoes  a similar  change  on  prolonged 
and  vigorous  treatment. 

Aromatic  hydrocarbons,  like  those  of  the  fatty  series,  may 
be  regarded  as  hydrides  of  hypothetical  radicles;  in  other 
words,  radicles  may  theoretically  be  derived  from  aromatic 
hydrocarbons  by  taking  away  atoms  of  hydrogen.  These 
radicles  have  no  actual  existence,  but  the  assumption  is  useful 
in  naming  aromatic  compounds  ; the  mono-  and  di-substitution 
products  of  benzene,  for  example,  may  be  regarded  as  com- 
pounds of  the  monovalent  radicle  phenyl,  C„H5-,  or  of  the 
divalent  radicle  phenylene,  C6H4<^,  respectively,  as  in 
phenylamine  (aniline),  C6H5-NH,,  and  in  o-,  m-  and  yj-phenyl- 
enediamine,  C6H4(NH2)2.  Toluene  derivatives,  again,  may 
be  named  as  if  they  were  derived  from  the  radicle  toluyl, 
CH3.CcH4-,  or  from  the  radicle  benzyl,  C0TT- -Cl I.,-, 
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as  hydrogen  of  the  nucleus,  or  of  the  side-chain,  lias  been 
displaced.  The  compound  C„H5-CH2-OH,  for  example,  is 
called  benzyl  alcohol.  The  isomeric  hydroxy-compounds, 
CoI'I.i(CH8)-OH,  however,  are  usually  known  as  the  ( o.m.p .) 
cresols  (p.  396).  Other  hypothetical  radicles,  such  as  xyhjl, 

^ 1 ^ ^ 11  3)2”*  and  xjlylene,  C0I 1 0 | j are  also  made  use 

of. 

Toluene,  methylbenzene,  or  phenylmethane,  C0H6-CH3, 
although  always  prepared  from  the  ‘90  per  cent,  benzol’ 
separated  from  coal-tar  (p.  297),  can  be  obtained  by  any  of  the 
general  reactions  given  above,  and  also  by  the  dry  distillation 
of  balsam  of  Tolu  and  other  resins. 

The  commercial  substance  is  invariably  impure,  and  when 
shaken  with  concentrated  sulphuric  acid  it  colours  the  acid 
brown  or  black.  It  may  be  purified  by  repeated  fractional 
distillation,  but  even  then  it  will  contain  thiotolene,  C6H,.S,  a 
homologue  of  thiophene  (p.  300),  and  will  show  the  indo- 
phenin  reaction  (with  isatin  and  concentrated  sulphuric  acid). 

Pure  toluene  is  most  conveniently  prepared  from  balsam  of 
Tolu,  or  by  distilling  pure  toluie  acid  with  lime, 

c«h4<cooh  = c«h5-ch3  + co2. 

It  is  a colourless,  mobile  liquid  of  sp.  gr.  0-882  at  0°,  and 
boils  at  110°;  it  does  not  solidify  even  at  -28°,  and  cannot, 
therefore,  like  benzene,  be  purified  by  freezing.  It  resembles 
benzene  very  closely  in  most  respects,  differing  from  it  princi- 
pally in  those  properties  which  are  due  to  the  presence  of  the 
methyl-group.  Its  behaviour  with  nitric  acid  and  with  sul- 
phuric acid,  for  example,  is  similar  to  that  of  benzene,  inasmuch 
as  it  yields  nitro-  and  sulphonic-derivatives ; these  compounds, 
moreover,  exist  in  three  isomeric  {o.m.p.)  forms,  since  they 
are  di-substitution  products  of  benzene.  The  presence  of  the 
methyl-group,  on  the  other  hand,  causes  toluene  to  show  in 
some  respects  the  properties  of  a paraffin.  The  hydrogen 
of  this  methyl-group  may  be  displaced  by  chlorine,  for 
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.example,  and  the  latter  by  a hydroxyl-  or  amido-group,  by 
i methods  exactly  similar  to  those  employed  in  bringing  about 
similar  changes  in  fatty  compounds,  substances  such  as 
<CflH5-CH,C],  C6H5.CH,'oH,  and  C6II5-CIi2-NH2  being 
obtained.  This  behaviour  was  of  course  to  be  expected,  since 
i toluene  or  phenylmethane  is  a mono-substitution  product  of 
: marsh-gas  just  as  much  as  a derivative  of  benzene. 

The  next  homologue  of  toluene — namely,  the  hydrocarbon  of 
the  molecular  formula  C8II]0,  exists  in  the  following  four 
isomeric  forms,  of  which  the  three  xylenes  or  dimethylbcnzenes 
are  the  most  important. 


I 

cn3 


Ortlioxylene.  Metnxylone.  Paraxylene.  Ethylbenzene. 

The  three  xylenes  occur  in  coal-tar,  and  may  be  partially 
separated  from  the  other  constituents  of  ‘ 50  per  cent,  benzol  ’ 
(p.  297)  by  fractional  distillation.  The  portion  boiling  at 
136-141  , after  repeated  distillation  contains  a large  quantity 
(up  to  85  per  cent.)  of  m-xylene  and  smaller  quantities  of  the 
0-  and  ^-compounds ; the  three  isomcrides  cannot  be  separated 
from  one  another  or  from  all  impurities  by  further  distilla- 
tion, or  by  any  simple  means,  although  it  is  possible  to  obtain 
a complete  separation  by  taking  advantage  of  differences  in 
chemical  behaviour. 

wi-Xylone  is  readily  separated  from  the  other  isomerides  by  digest- 
ing with  dilate  nitric  acid,  which  oxidises  0-  and  p-xylene  to  the 
corresponding  toluie  acids,  C„H.,(CH:1)-COOH,  lmt  does  not  attack  m- 
xylene;  the  product  is  rendered  alkaline  hy  the  addition  of  potash, 
and  the  unchanged  hydrocarbon  purified  hy  distillation  in  steam  and 
fractionation.  The  isolation  of  0-  and  p-xylene  depends  on  the  follow- 
ing facts  : (1)  When  crude  xylene  is  agitated  with  concentrated 
sulphuric  acid,  o-  and  /n-xyleno  are  converted  into  sulphonic 
acids,  ( '|iH:;(Cir..)..-SO:.Tf ; p xylene  remains  unchanged,  as  it  is 
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only  acted  on  by  fuming  sulphuric  acid.  (2)  The  sodium  salt  of 
o-xylenesul phonic  acid  is  less  soluble  in  water  than  the  sodium 
salt  of  m-xylenesulphonic  acid ; it  is  purified  by  recrystallisation, 
and  converted  into  o-xylene  by  heating  with  hydrochloric  acid 
under  pressure  (p.  381). 

The  three  xylenes  may  all  be  prepared  by  one  or  other  of 
the  general  methods  : when,  for  example,  methyl  chloride  is 
passed  into  benzene  in  presence  of  aluminium  chloride, 
o-xylene  and  a small  quantity  of  the  ^-compound  are  obtained, 

C8H6  + 2CH3Cl  = C6H4(CH3)2  + 2HC1 ; 

toluene,  under  the  same  conditions,  yields  the  same  two 
compounds, 

C0H5-CH3  + CH3CI  = CgH4(CH3)2  + IiCl. 

The  non-formation  of  ?«-xylene  in  these  two  cases  is 
accounted  for  by  assuming  that  the  methyl-group  first  intro- 
duced into  the  benzene  molecule  exerts  some  directing  in- 
fluence on  the  position  taken  up  by  the  second  one  (p.  351). 

Orthoxylene  is  obtained  in  a state  of  purity  by  treating 
o-bromotoluene  with  methyl  iodide  and  sodium, 

C6H4<B?3  + CH3I  + 2Xa  = C0H4<CH,  + XaBr  + NaI> 
pure  paraxylene  being  produced  in  a similar  manner  from  p- 
bromotoluene ; metaxylene  cannot  be  prepared  by  treating 
m-bromotoluene  with  methyl  iodide  and  sodium,  but  is  easily 
obtained  in  a pure  condition  by  distilling  mesitylenic  acid 
(p.  338)  with  lime, 

C6H3(CH3)2.COOH  = C„H4(CH3)2  + co2. 

The  three  xylenes  are  very  similar  in  physical  properties 
(compare  p.  332),  being  all  colourless,  mobile,  rather  pleasant- 
smelling, inflammable  liquids  ( p-xylene  melts  at  15°),  which 
distil  without  decomposition,  and  are  readily  volatile  in  steam. 
They  also  resemble  one  another  in  chemical  properties,  although 
in  some  respects  they  show  important  differences,  which  must 
be  ascribed  to  their  difference  in  constitution.  On  oxidation, 
under  suitable  conditions,  they  are  all  converted  in  the  first 
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1 place  into  nionocarboxylic  acids  which  are  represented  by  the 


formulae 


Orthotoluic  Acid. 


I 

COOH 

Metatoluic  Acid.  Paratoluic  Acid. 


On  further  oxidation  the  second  methyl-group  undergoes  a 
i like  change,  and  the  three  corresponding  dicarboxylic  acids, 
t C0H4(COOH)2,  are  formed  (p.  424). 

Tlie  three  hydrocarbons  show,  however,  slight  differences  in 
behaviour  on  oxidation,  one  being  more  easily  acted  on  than 
another  by  a particular  oxidising  agent.  With  chromic  acid,  for 
example,  o-xylene  is  completely  oxidised  to  carbon  dioxide,  whereas 
m-xylene  and  p-xylene  yield  the  dicarboxylic  acids  (see  above) ; 
with  dilute  nitric  acid  o-xylene  gives  o-toluic  acid,  and  p-xylene 
/>-toluic  acid,  but  m-xylene  is  not  acted  on.  Their  behaviour  with 
sulphuric  acid  is  also  different  (p.  335). 

Ethylbenzene , or  phenylethanc,  C6H5-C2H5,  an  isomeride  of 
' the  xylenes,  is  not  of  much  importance ; it  occurs  in  coal-tar, 
and  may  be  obtained  by  the  general  methods.  It  is  a colour- 
less liquid,  boiling  at  134°,  and  on  oxidation  with  dilute  nitric 
acid  or  chromic  acid  it  is  converted  into  benzoic  acid, 

C6H5-CII,-CH3  + 60  = CgH5-COOII  + C02  + 2Ha0. 

The  next  member  of  the  series  has  the  molecular  formula 
C0H]2,  and  exists,  as  already  pointed  out  (p.  329),  in  eight 
isomeric  forms,  of  which  the  three  trimethylbenzenes  and 
isopropylbenzene  are  the  most  important. 

Mesitylene,  or  symmetrical  trimethylbenzene, 


occurs  in  small  quantities  in  coal-tar,  but  is  most  conveniently 
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prepared  by  distilling  a mixture  of  acetone  (2  vols.),  concen- 
trated sulphuric  acid  (2  vols.),  and  water  (1  vol.),  sand  being 
added  to  prevent  frothing, 

3(CH3)2CO  = C6H3(CH3)8  + 3H20. 

The  formation  of  mesityleue  in  this  way  is  not  only  of  interest 
because  it  affords  a means  of  synthesising  the  hydrocarbon  from  its 
elements,  but  also  because  it  throws  light  on  the  constitution  of  the 
compound.  Although  the  change  is  a process  of  condensation,  and 
is  most  simply  expressed  by  the  graphic  equation  already  given 
(p.  324),  it  might  be  assumed  that  the  acetone  is  first  converted 
into  (JII;,-C : C I f , or  into  CH3-C(OH):CH2  (by  intramolecular  change), 
and  that  mesityleue  is  then  produced  by  a secondary  reaction ; 
whatever  view,  however,  is  adopted  as  to  the  actual  course  of  the 
reaction  (unless,  indeed,  highly  improbable  assumptions  be  made), 
the  final  result  is  always  the  same,  and  the  constitution  of  the 
product  must  be  expressed  by  a symmetrical  formula ; for  this, 
and  other  reasons,  mesitylene  is  regarded  as  symmetrical  or  1:3:5- 
trimethylbenzene. 

Mesitylene  is  a colourless,  mobile,  pleasant-smelling  liquid, 
boiling  at  163°,  and  volatile  in  steam;  when  treated  with 
concentrated  nitric  acid  it  yields  mono-  and  di-nitromesitylene, 
whereas  with  a mixture  of  nitric  and  sulphuric  acids  it  is 
converted  into  trinitromesitylene,  C6(N02)3(CH3)3.  On 
oxidation  with  dilute  nitric  acid  it  yields  mesitylenic  acid, 
C6H3(CH3)2-COOH,  uvitic  acid,  C6H3(CH3)(COOH)2,  and 
trirnesic  acid,  C6IL(COOH)3,  by  the  successive  transformation 
of  the  methyl-  into  carboxyl-groups. 

Pseudocumene,  or  asymmetrical  trimethylbenzene,  C6H3(CH3)j 
[3CH:i  = 1 :2:4],  and  hemimellitene,  or  adjacent  trimethylbenzene 
[3CH3  = 1:2:3],  also  occur  in  small  quantities  in  coal-tar,  and 
are  very  similar  to  mesitylene  in  properties ; on  oxidation,  they 
yield  various  acids  by  the  conversion  of  one  or  more  methyl-  into 
carboxyl-groups. 

Cumene,  or  isopropylbenzene,  C6H5-CH(CH3)2,  is  usually 
obtained  from  coal-tar;  it  may  be  prepared  in  a pure  condi- 
tion by  distilling  cnmic  acid  ( isopropylbenzoic  acid)  with  lime, 

C^COOH  - C.H.-C.H,  + C02, 
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!by  treating  a mixture  of  isopropyl  bromide  and  benzene  with 
aluminium  chloride, 


C6Hg  + C3H7Br  = C6H6-C3H7  + HBr, 

and  by  the  action  of  sodium  on  a mixture  of  bromobeuzelio 
.land  isopropyl  bromide, 

CgHjjBr  + C.,H7Br  + 2Na  = CcH6.C3H7  + 2NaBr. 


It  is  a colourless  liquid,  boiling  at  153°,  and  on  oxidation  with 
dilute  nitric  acid  it  is  converted  into  benzoic  acid. 

Cymene,  or  jxira-methyl  isopropyl  benzene,  C6H4(CH3)-C3H7, 
is  a hydrocarbon  of  considerable  importance,  as  it  occurs  in  the 
ethereal  oils  or  essences  of  many  plants;  it  is  easily  prepared 
in  many  ways,  as,  for  example,  by  heating  camphor  with 
phosphorus  pentoxide  or  phosphorus  pentasulphide, 

CioHi60  = C10HU  + H20, 

by  heating  turpentine  with  concentrated  sulphuric  acid  or 
■with  iodine  (both  of  which,  in  this  case,  act  as  oxidising 
agents), 


C,0Hie  + 0 — C10H14  + H20, 

and  by  heating  thymol  (p.  397),  or  carvacrol  (p.  397),  with 
phosphorus  pentasulphide  (which  acts  as  a reducing  agent), 

C0H3(OH)<^|7  + 211  = C6H4<{?^  + H20. 

Cymene  is  a pleasant-smelling  liquid  of  sp.  gr.  08722  at  0°, 
and  boils  at  175-176°;  on  oxidation  with  dilute  nitric  acid 
it  yields  p-toluic  add,  C0II4(Cir3)-COOII,  and  terephthalic 
add,  C8H4(COOH)2. 


Diphenyl,  Diphenylmethane,  and  Triphenylmelhane. 

All  the  hydrocarbons  hitherto  described  contain  only  one 
benzene  nucleus,  and  may  be  regarded  as  derived  from 
benzene  by  the  substitution  of  fatty  alkyl-groups  for  atoms 
ot  hydrogen ; there  are,  however,  several  other  scries  of 
aromatic  hydrocarbons,  which  include  compounds  of  very 
considerable  importance. 
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DIPHENYL,  DIPIIENYLJI ETIIANE. 


Diphenyl,  C6H6-C6HS,  contains  two  benzene  nuclei,  and 
is  the  hydrocarbon  in  the  aromatic  series  which  corresponds 
with  dimethyl  in  the  fatty  series,  although  it  is  not  a homo- 
logue  of  benzene.  It  is  formed  on  treating  bromobenzene  in 
ethereal  solution  with  sodium, 


2C0II0Br  + 2i\a  = CUH5-CUII5  + 2NaBr, 


the  reaction  being  analogous  to  the  formation  of  dimethyl 
from  methyl  bromide  by  the  action  of  sodium. 

Diphenyl  is  prepared  by  passing  benzene  vapour  through  a red- 
hot  tube  tilled  with  pieces  of  pumice, 

2C6H0  = C6Hs.C6Hs  + II,. 

The  dark-coloured  distillate  is  fractionated,  and  the  diphenyl  puri- 
fied by  recrystallisation  from  alcohol. 


Diphenyl  is  a colourless,  crystalline  substance,  melts  at  71, 
and  boils  at  254°;  when  oxidised  with  chromic  acid,  it  yields 
benzoic  acid,  one  of  the  benzene  nuclei  being  destroyed. 
Its  behaviour  with  halogens,  nitric  acid,  and  sulphuric  acid  is 
similar  to  that  of  benzene,  substitution  products  being  formed. 

Diphenylmethane,  C6H5-CH2-C6H5,  also  contains  two  ben- 
zene nuclei ; it  may  be  regarded  as  derived  from  marsh-gas 
by  the  substitution  of  two  phenyl-groups  for  two  atoms  of 
hydrogen,  just  as  toluene  or  phenylmethane  may  be  considered 
as  a mono-substitution  product  of  methane. 

Diphenylmethane  may  be  prepared  by  treating  benzene 
with  benzyl  chloride  (p.  348)  in  presence  of  aluminium 
chloride, 

C6Hg  + C6H5-CH2C1  - CgHj-CHyCgHg  + IlCl. 

It  is  a crystalline  substance,  and  melts  at  26-5°;  when 
treated  with  nitric  acid,  it  yields  nitro-derivatives  in  the 
usual  way,  and  on  oxidation  with  chromic  acid,  it  is  con- 
verted into  diphenyl  ketone  or  benzoplienone,  CG1I5-CO-C0H5 
(p.  412). 

Triphenylmethane,  (CGI15)3CH,  is  by  far  the  most  im- 
portant member  of  another  series,  the  members  of  which 
contain  three  benzene  nuclei.  It  is  formed  when  beuzal 
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chloride  (p.  349)  is  treated  with  benzene  in  presence  of 
aluminium  chloride, 

C0H5.CIIC12  + 2C0H0  = (C0H5)3CH  + 2HC1, 

but  it  is  usually  prepared  by  heating  a mixture  of  chloroform 
and  benzene  with  aluminium  chloride, 

CHC13  + 3C6H0  = (C0H6)sCH  + 3HC1. 

Aluminium  chloride  (5  parts)  is  gradually  added  to  a mixture 
of  chloroform  (1  part)  and  benzene  (5  parts),  which  is  then  heated 
at  about  GO  until  the  evolution  of  hydrogen  chloride  ceases,  an 
•operation  occupying  about  thirty  hours ; after  cooling  and  adding 
water,  the  oily  product  is  separated  and  submitted  to  fractional 
distillation ; those  portions  of  the  distillate  which  solidify  on 
cooling,  consist  of  crude  triphenylmethane,  which  is  further  purified 
by  recrystallisation  from  benzene  and  then  from  ether. 

Triphenylmethane  is  a colourless,  crystalline  compound, 

\ which  melts  at  93°,  and  boils  at  355°;  it  is  readily  soluble 
1 in  ether  and  benzene,  but  only  sparingly  so  in  cold  alcohol. 
When  treated  with  fuming  nitric  acid,  it  is  converted  into 
a yellow,  crystalline  fmi/fro-derivativc,  CH(C0H4-lSrO,):t, 
'which,  like  other  nitro-compounds,  is  readily  transformed 
into  the  corresponding  frfamiVfo-compound, 

CH(C6H4.NH2)„ 

on  reduction  ; the  last-named  substance  is  of  considerable 
importance,  as  many  of  its  derivatives  are  largely  employed 
as  dyes  (p.  508). 

On  oxidation  with  chromic  acid,  triphenylmethane  is  con- 
verted into  triphenyl  carbinol,  (C„H6)3C-OH. 


C H A P T E It  XXI. 

HALOGEN  DERIVATIVES  OF  BENZENE  AND  ITS  HOMOLOGUES. 

Tile  action  of  halogens  on  benzene  has  already  been  referred 
to  (p.  302),  and  it  has  been  pointed  out  that  the  hydrocarbon 
yields  cither  additive  or  substitution  products  according  to  ■ 
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the  conditions  of  the  experiment;  at  ordinary  temperatures, 
in  absence  of  direct  sunlight,  substitution  products  are 
formed,  the  action  being  greatly  hastened  by  the  presence 
of  a halogen  carrier,  such  as  iodine,  ferric  chloride,  or 
antimony  chloride;*  at  its  boiling-point,  however,  or  in 
presence  of  direct  sunlight,  the  hydrocarbon  yields  additive 
compounds  by  direct  combination  with  (two,  four,  or)  six 
atoms  of  the  halogen. 

The  homologues  of  benzene  also  show  a curious  behaviour; 
when  treated  with  chlorine  or  bromine  at  ordinary  tempera- 
tures in  absence  of  direct  sunlight,  they  are  converted  into 
substitution  products  by  tlie  displacement  of  hydrogen  of  the 
nucleus , and,  as  in  the  case  of  benzene  itself,  interaction  is 
greatly  promoted  by  the  presence  of  a halogen  carrier ; under 
these  conditions  toluene,  for  example,  gives  a mixture  of  o- 
and  ;?-cldorotoluenes  or  bromotoluenes, 


C6H5.CH3  + Cl2  = C6H4<g^3  + HCL 

When,  on  the  other  hand,  no  halogen  carrier  is  present, 
and  the  hydrocarbons  arc  treated  with  chlorine  or  bromine 
at  their  boiling-points,  or  in  direct  sunlight,  they  yield  de- 
rivatives by  the  substitution  of  hydrogen  of  the  side-chain; 
when,  for  example,  chlorine  is  passed  into  boiling  toluene, 
the  three  hydrogen  atoms  of  the  methyl-group  are  succes- 
sively displaced,  benzyl  chloride,  C6TI5-CH2C1,  benzal  chloride, 
CgTTj-CHClo,  and  benzotrichloride,  CfiH5-CCl.j,  being  formed; 
xylene,  again,  when  treated  with  bromine  at  its  boiling-point, 
gives  the  compounds 


ri  tt  /"CIIoBr  , 


ccn4< 


CH,Br 

CHjBr 


* The  action  of  iodine  lias  been  explained  in  part  i.  (p.  1G3) ; ferric 
chloride,  antimony  pentachloridc,  molybdenum  pentachloride,  and  other 
metallic  chlorides,  act  as  halogen  carriers,  probably  because  they  readily 
dissociate,  yielding  nascent  halogen  and  lower  chlorides  (FeCl»,  SbCl;j, 
MoClj);  the  latter  then  combine  again  with  a fresh  quantity  of  the  halogen, 
and  thus  the  process  is  repeated. 
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Although  these  statements  are  true  in  the  main,  it  must 
i not  he  supposed  that  substitution  takes  place  exclusively 
< either  in  the  nucleus  or  side-chain,  as  the  case  may  be,  be- 
n (cause  this  is  not  so ; in  presence  of  a halogen  carrier  traces 
I of  a halogen  derivative  are  formed  by  substitution  of  liydro- 
: gen  of  the  side-chain,  and  at  the  boiling-point  of  the  hydro- 
I carbon,  or  in  direct  sunlight,  traces  of  a substitution  product, 

1 formed  by  displacement  of  hydrogen  of  the  nucleus,  arc 
* obtained. 

Iodine  seldom  acts  on  benzene  and  its  homologues  under 
: any  of  the  above-mentioned  conditions,  partly  because  of  the 
! slight  affinity  of  iodine  for  hydrogen,  partly  because  the 
hydrogen  iodide  which  is  produced  interacts  with  the  iodo- 
derivative,  and  reconverts  it  into  the  hydrocarbon 

+ I2  = CgH5I  + III 
C6H5I  + HI  = C6II0  + I2  j 

if,  however,  iodic  acid,  or  some  other  substance  which 
decomposes  hydriodic  acid,  be  present,  iodo-derivatives 
may  sometimes  be  prepared  by  direct  treatment  with  the 
halogen.* 

Preparation. — As  a rule,  chloro-  and  bromo-derivatives  of 
benzene  and  its  homologues  are  prepared  by  direct  ‘ chlorina- 
tion' or  ‘ hrommation,'  the  conditions  employed  depending  on 
whether  hydrogen  of  the  nucleus  or  of  the  side-chain  is  to 
be  displaced ; if,  for  example,  it  were  desired  to  convert 
toluene  into  p-chlorobcnzyl  chloride,  CcH4ChCH2CI,  the 
hydrocarbon  might  bo  first  treated  with  chlorine  at  ordinary 
temperatures  in  presence  of  iodine,  and  the  p-chlorotoluene, 
( r,H.1CbCIf3,  after  having  been  separated  from  the  accom- 
panying ortho-compound,  would  then  bo  heated  to  boiling  in 

* ITI03 -f  5HI  = 3I2  + 3H20.  Iodo-substitution  products  are  also  fre- 
quently formed  on  employing  FeCl3,  or  A1C13,  as  a carrier,  because  the 
K I which  is  formed  has  a much  more  energetic  substituting  action  than 
the  iodine  itself,  owing  to  the  simultaneous  formation  of  HC1, 

CgH8  + IC1  = C„HbI  + HGL 
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a flask  connected  with  a reflux  condenser,  and  a stream  of 
dry  chlorine  led  into  it. 


In  all  operations  of  this  kind  the  theoretical  quantity,  or  a slight 
excess  of  halogen,  is  employed  ; the  bromine  is  weighed  directly, 
but  tbe  weight  of  the  chlorine  is  usually  ascertained  indirectly  by 
continuing  the  process  until  the  theoretical  gain  in  weight  has 
taken  place ; the  halogen  should  be  dry,  as  in  presence  of 
water  oxidation  products  of  the  hydrocarbon  may  be  formed. 
The  fumes  of  hydrogen  chloride  or  bromide  evolved  during  such 
operations  are  conveniently  absorbed  by  passing  them  to  the 
bottom  of  a deep  vessel  containing  damp  coke. 


A very  important  general  method  for  the  preparation  of 
aromatic  halogen  derivatives,  containing  the  halogen  in  the 
nucleus,  consists  in  the  decomposition  of  the  diazo-compounds. 
As  the  properties  and  decompositions  of  the  last-named 
substances  are  described  later  (p.  370),  it  is  only  necessary 
to  state  here  that  this  method  is  used  in  the  preparation 
of  nearly  all  iodo-compounds,  and  that  it  affords  a means 
of  indirectly  substituting  any  of  the  halogens,  not  only  for 
hydrogen,  but  also  for  nitro-  or  amido-groups. 

The  conversion  of  benzene  or  toluene,  for  example,  into  a 
mono-halogen  derivative  by  this  method  involves  the  follow- 
ing steps  : 


c6H6  c6h5.no2 


C,TI5.NH,  CfH5-N:NCl 


C,.H,C1 


~u — a “l>  5V 

Benzene.  Nitrobenzene.  Aniidobenzene.  Diazobenzene  Chlorobenzene. 

Chloride. 


c0h5-chs 

Toluene. 


Nitrotoluene. 


CgH4<NH32 

Amidotoluene.’* 


u<;±14<v.p5r  ' 
Bromotoluene. 


c«H<<SV 

Dinzotolueno 

Bromide. 


The  preparation  of  a df-halogen  derivative  may  sometimes 
be  carried  out  in  a similar  manner,  the  hydrocarbon  being 
first  converted  into  the  df-nitro-derivative ; in  most  cases, 
however,  it  is  necessary  to  prepare  the  mono-halogen  derivative 
by  the  reactions  given  above,  and  after  converting  it  into 
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the  nitro-compound,  the  nitro-group  is  displaced  by  a second 
atom  of  halogen  by  repeating  the  series  of  operations. 


C6H5Br 

Bromobenzene. 


C6H4<: 


Br 

■NO, 


Nitrobromo- 

benzene. 


c«h*<nh. 


Aniidobromo- 

benzene. 


c6h4<®[. 

Bromochlorobenzeiie. 


C6n4 


/Br 

^N:NC1 


Diazobroino- 
benzene  Chloride. 


Halogen  derivatives  of  benzene  and  its  liomologues  are  some- 
times prepared  by  treating  hydroxy-compounds  with  pentachloride 
or  pentabromide  of  phosphorus,  the  changes  being  similar  to  those 
which  occur  in  the  case  of  fatty  hydroxy-compounds;  if  the 
hydroxyl-group  be  present  in  the  nucleus,  the  halogen  naturally 
takes  up  the  same  position,  phenol,  for  example,  giving  chloro- 
benzene, and  cresol,  chlorotoluene, 

C«H5-OH  + PCI,  = C8H5C1  + POCl3  + HC1 

c«H4<oh3  + PC,=  = c6H4<ciHi,+  POCl3  + HC1 ; 

an  aromatic  alcohol  (p.  402),  such  as  benzyl  alcohol,  also  yields  the 
corresponding  halogen  derivative  (benzyl  chloride),  containing  the 
halogen  in  the  side-chain, 

C6H,.CHs.OH  + PC15  = CcH5-CH2C1  + POCI3  + HC1. 

Halogen  derivatives  may  also  be  obtained  by  distilling  halogen 
acids  with  lime, 

= C6H5Br  + CO,, 

by  heating  sulphonic  chlorides  (p.  381)  with  phosphorus  penta- 
chloride, 

C«Hs.S02C1  + PC15  = CeH#Cl  + POCl3  + SOCI2, 
and  by  several  other  methods  of  less  importance. 

Properties. — At  ordinary  temperatures,  some  of  the  halogen 
derivatives  of  benzene  and  its  liomologues  are  colourless 
liquids ; the  majority,  however,  are  crystalline  solids.  They 
arc  all  insoluble,  or  nearly  so,. in  water,  but  readily  soluble 
in  alcohol,  ether,  Ac.  Many  are  readily  volatile  in  steam, 
and  distil  without  decomposition,  the  boiling-point  being 
higher  and  the  specific  gravity  greater  than  that  of  the  parent 
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hydrocarbon,  and  rising  also  on  substituting  bromine  for 
chlorine,  or  iodine  for  bromine. 

Benzene.  Chlorobenzene.  Broinobenzene.  Iodobenzene. 

B.p 80-5°  132°  155°  185° 

Sii.gr.  at  0°  0-899  1-128  1-521  1-857. 

They  are  not  so  inflammable  as  the  hydrocarbons,  and  the 
vapours  of  many  of  them  have  a very  irritating  action  on  the 
eyes  and  respiratory  organs. 

When  the  halogen  is  united  with  carbon  of  the  benzene 
nucleus,  it  is,  as  a rule,  very  firmly  combined,  and  cannot, 
as  in  the  case  of  the  halogen  derivatives  of  the  fatty  series, 
bo  displaced  by  the  hydroxyl-  or  amido-group  with  the  aid  of 
aqueous  potash  or  ammonia;  such  halogen  derivatives,  more- 
over, are  not  acted  on  by  alcoholic  potash,  and  cannot  be 
converted  into  less  saturated  compounds  in  the  same  way  as 
ethyl  bromide,  for  example,  may  be  converted  into  ethylene  ; 
in  fact,  no  derivative  of  benzene,  containing  less  than  six 
monovalent  atoms,  or  their  valency  equivalent,  is  known. 
If,  however,  hydrogen  of  the  nucleus  has  been  displaced  by 
one  or  more  nitro-groups,  as  well  as  by  a halogen,  the  latter 
often  becomes  much  more  open  to  attack ; u-  and  y)-chloro- 
nitrobonzene,  C6H4C1-N02,  for  example,  are  moderately  easily 
acted  on  by  alcoholic  potash  and  by  alcoholic  ammonia  at 
high  temperatures,  yielding  the  corresponding  nitrophenols, 
C(iH4(0H)-N02,  and  nitranilines,  CcH4(NIT2)-N02  ; m- 
chloronitrobenzene,  however,  is  not  acted  on  under  these 
conditions,  a fact  which  shows  that  compounds  closely  related 
in  constitution  and  identical  in  composition  sometimes  differ 
very  considerably  in  properties. 

Halogen  atoms  in  the  side-chains  are  very  much  less  firmly 
combined  than  those  in  the  nucleus,  and  may  be  displaced  by 
hydroxyl-  or  amido-groups  just  as  in  fatty  compounds;  benzyl 
chloride,  C6H5-CH2C1,  for  example,  is  converted  into  benzyl 
alcohol,  C0H6-CH2-OH,  by  boiling  sodium  carbonate  solution, 
and  when  heated  with  alcoholic  ammonia  it  yields  benzyl- 
amine,  C0H6.CH2.NH2  (p.  368). 
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Halogen  atoms  in  the  nucleus,  as  well  as  those  in  the  side- 
chain,  are  displaced  by  hydrogen  on  treatment  with  hydriodic 
acid  and  amorphous  phosphorus  at  high  temperatures,  or  with 
sodium  amalgam  in  alcoholic  solution ; the  former,  however, 
are  much  less  readily  displaced  than  the  latter. 

Chlorobenzene,  or  phenyl  chloride,  C0H5C1,  may  be  de- 
scribed as  a typical  example  of  those  halogen  derivatives  in 
which  the  halogen  is  combined  with  carbon  of  the  benzene 
nucleus.  It  may  be  obtained  (together  with  dichlorobenzeno, 
C0H4C12.  trichlorobenzene,  C0H3C13,  &c.)  by  chlorinating 
benzene;  also  by  treating  phenol  (p.  391)  with  phosphorus 
pentachloride,  just  as  ethyl  chloride  may  be  produced  from 
alcohol, 

C6H5-OH  + PC15  = C0H5C1  + POCl3  + II  Cl. 

It  is  usually  prepared  by  Sandmeyer’s  reaction  (p.  372) — that 
is  to  say,  by  warming  an  aqueous  solution  of  diazobenzene 
chloride  with  cuprous  chloride ; this  method,  therefore,  affords 
a means  of  preparing  chlorobenzene,  not  only  from  the  diazo- 
compound, but  also  indirectly  from  amidobenzene  (aniline), 
nitrobenzene,  and  benzene,  the  changes  being  those  given 
above  (p.  344).  Chlorobenzene  is  a colourless,  mobile,  pleasant- 
smelling liquid,  specifically  heavier  than  water;  it  boils  at 
132°,  and  is  readily  volatile  in  steam.  Like  benzene,  it  is 
capable  of  yielding  nitro-,  amido-,  and  other  derivatives  by 
the  displacement  of  one  or  more  hydrogen  atoms;  it  differs 
from  ethyl  chloride  and  from  other  fatty  alkyl  halogen  com- 
pounds in  being  unacted  on  by  water  and  alkalies,  or  by 
metallic  salts;  it  is  impossible,  for  example,  to  prepare  phenyl 
acetate,  CIf3-COOC0II5,  by  treating  silver  acetate  with  chloro- 
benzene, although  ethyl  acetate  is  easily  obtained  from  ethyl 
chloride  in  this  way. 

Bromobenzene,  or  phenyl  bromide,  C(dTvBr,  may  be  ob- 
tained by  brominating  benzene,  but  is  usually  prepared  from 
diazobenzene  bromide  by  Sandmeyer’s  method  ; it  is  a colour- 
less liquid,  boiling  at  155°,  and  closely  resembles  chlorobenz- 
ene in  all  ’respects.  As  a rule,  however,  the  bromo-deriva- 
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tives  crystallise  move  readily,  and  have  a higher  melting-point 
than  the  corresponding  chloro-compounds. 

Ioclobenzene,  or  phenyl  iodide,  boils  at  185°. 

Chlorotoluene,  or  tolnyl  chloride,  C0H4ChCIT3,  being  a 
di-substitution  product  of  benzene,  exists  in  three  isomeric 
modifications,  only  two  of  which — namely,  the  o-  and  ^-com- 
pounds, are  formed  on  treating  cold  toluene  with  chlorine  in 
presence  of  iodine  or  ferric  chloride ; the  three  isomerides 
may  be  sepai’ately  prepared  by  treating  the  corresponding 
cresols  (p.  396)  with  phosphorus  pentachloride, 


C0H4<°g  + PC15  = C6H4<^  + POCl3  + II  Cl, 


Cl 


but  they  are  best  prepared  from  the  corresponding  toluidines 
by  Sandmeyer’s  method, 


n TT 

C0H-4<^CHa 

Tolnidino. 


■>  C6H4<£ 


n2ci 

CIL 


Diazotoluene  Chloride. 


r TT  /Cl 

C0H4<CPI3- 

Chlorotoluene. 


Ovthocldorotoluene  boils  at  156°,  metacliloi'otoluene  at  150°, 
and  imrachlorotoluene  at  160°;  they  resemble  chlorobenzene  in 
most  respects,  but,  since  they  contain  a methyl-group,  they 
have  also  some  of  the  properties  of  fatty  compounds ; on 
oxidation,  they  are  converted  into  the  corresponding  chloro- 
benzoic  acids,  C0H4C1-COOIT,  just  as  toluene  is  transformed 
into  benzoic  acid. 

Benzyl  chloride,  C0H5-CH2C1,  although  isomeric  with  the 
three  chlorotoluenes,  dilfers  from  them  very  widely,  and  may 
be  taken  as  an  example  of  the  class  of  halogen-com pounds 
in  which  the  halogen  is  present  in  the  side-chain.  It  can 
be  obtained  by  treating  benzyl  alcohol  (p.  403)  with  phos- 
phorus pentachloride, 

C6H5.CH2.OH  + PC15  = C6H6-CH2C1  + POCI3  + IICl, 
but  is  always  prepared  by  passing  chlorine  into  boiling 
toluene, 

CJIyCH.,  + Cl2  = CJL-CfPCl  + IICl. 

The  toluene  is  contained  in  a flask  which  is  heated  on  a sand- 
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Lath  anil  connected  with  a reflux  condenser ; a stream  of  dry 
chlorine  is  then  passed  into  the  boiling  liquid  until  the  theoretical 
gain  in  weight  has  taken  place  and  the  product  is  purified  by 
fractional  distillation ; the  action  takes  place  most  rapidly  in 
strong  sunlight. 

Benzyl  chloride  is  a colourless,  unpleasant-smelling  liquid, 
boiling  at  176°;  it  is  insoluble  in  water,  but  miscible  with 
alcohol,  ether,  benzene,  &c.  It  behaves  like  other  aromatic 
compounds  towards  nitric  acid,  by  which  it  is  converted  into 
a mixture  of  isomeric  nitro-compounds,  C6H4(N02)-CH2C1. 
At  the  same  time,  however,  it  has  many  properties  in  com- 
mon with  the  alkyl  halogen  compounds ; like  ethyl  chloride, 
it  is  slowly  decomposed  by  boiling  water,  yielding  the  cor- 
responding hydroxy-compound,  benzyl  alcohol  (p.  403), 

C6H5-CH2C1  + H20  = C6H5-CH2-OH  + HC1, 

and  just  as  ethyl  chloride  interacts  with  silver  acetate,  giving 
ethyl  acetate,  so  benzyl  chloride,  under  the  same  conditions, 
yields  the  ethereal  salt,  benzyl  acetate, 

CgH5-CH.2C1  + CHg.COOAg  = CH3.COOCH2-C6H6  + AgCI. 

Benzyl  chloride  is  a substance  of  considerable  commercial 
importance,  inasmuch  as  it  is  used  for  the  preparation  of 
benzaldehyde  (p.  406). 

Benzal  chloride,  C0H5-CHC12,  may  be  obtained  by  treating 
benzaldehyde  with  phosphorus  pentachloride, 

CuH5-C110  + PC15  = C6H5-CHC12  + POCl3, 

but  it  is  prepared  by  chlorinating  toluene  just  as  described 
in  the  case  of  benzyl  chloride,  except  that  the  process  is 
continued  until  twice  as  much  chlorine  has  been  absorbed. 
It  is  a colourless  liquid,  boiling  at  206°,  and  is  extensively 
used  for  the  preparation  of  benzaldehyde. 

Bcnzotrichloride,  or  phenylchloroform,  C6H5-CC13,  is  also 
prepared'  hy  chlorinating  boiling  toluene;  it  boils  at  213°,  and 
when  heated  with  water  it  is  converted  into  benzoic  acid, 

C0115-CC13  + 21120  = C6H5-COOIi  + 3H.CL 


350 


NITUO- COMPOUNDS. 


C H A P T E E X X I L 

NITRO-COMPOUNDS. 

It  lias  already  been  stated  that  one  of  the  most  characteristic 
properties  of  arohiatic  compounds  is  the  readiness  with  which 
they  may  be  converted  into  nitro-derivatives  by  the  substitu- 
tion of  nitro-groups  for  hydrogen  of  the  nucleus;  the  com- 
pounds formed  in  this  way  are  of  the  greatest  importance, 
more  especially  because  it  is  from  them  that  the  amido-  and 
diazo-compounds  are  prepared. 

Preparation. — Many  aromatic  compounds  may  be  ‘nitrated ' 
— that  is  to  say,  converted  into  their  nitro-derivatives,  by  dis- 
solving them  in  concentrated  nitric  acid  (sp.  gr.  1-3  to  1-5), 
in  the  cold  or  at  ordinary  temperatures,  and  under  such 
conditions  a mononitro-compound  is  usually  produced ; ben- 
zene, for  example,  yields  nitrobenzene,  and  toluene,  a mixture 
of  o-  and  ^r-nitrotoluenes, 

CcH6  + hno3  - c6h5.N02  + h2o 

C6H5.CH3  + HNOg  = CcH4<™;’  + H20. 

Some  aromatic  compounds,  however,  are  insoluble  in  nitric 
acid,  and  are  then  only  very  slowly  acted  on ; in  such  cases, 
a mixture  of  concentrated  nitric  and  sulphuric  acids  is  used. 
This  mixture  is  also  used  in  many  cases,  even  when  the 
substance  is  soluble  in  nitric  acid,  because  the  sulphuric  acid 
combines  with  the  water  which  is  produced  during  the 
interaction,  and  thus  its  presence  favours  nitration,  just  as 
the  presence  of  dehydrating  agents  favours  the  formation 
of  ethereal  salts  from  a mixture  of  an  acid  and  an  alcohol. 
When  a large  excess  of  nitric  and  sulphuric  acids  is  employed, 
and  especially  when  heat  is  applied,  the  aromatic  compound 
is  usually  converted  into  (a  mixture  of  isomeric)  dinitro-  or 
trinitro-derivatives;  benzene,  for  instance,  yields  a mixture 
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of  three  dinitro-benzenes,  tho  principal  product,  however, 
being  tbe  meta-compound, 

C8H0  + 2HN03  = C6H4(N02)2  + 211,0. 

As  soon  as  nitration  is  complete  (portions  of  tho  product  may 
be  tested  from  time  to  time),  the  solution  or  mixture,  having 
been  cooled  if  necessary,  is  poured  on  to  ice  or  into  a large 
volume  of  water,  and  the  product,  which  is  usually  pre- 
cipitated in  crystals,  separated  by  filtration,  or  if  an  oil,  by 
extraction  with  ether,  or  in  some  other  manner. 

Generally  speaking,  the  number  of  hydrogen  atoms  dis- 
placed by  nitro-groups  is  greater  the  higher  the  temperature 
and  the  more  concentrated  the  acid,  or  acid  mixture,  em- 
ployed, but  depends  to  an  even  greater  extent  on  the  nature 
of  the  substance  undergoing  nitration,  because  the  introduc- 
tion of  nitro-groups  is  facilitated  when  other  atoms  or  groups, 
especially  alkyl  radicles,  have  already  been  substituted  for 
hydrogen  of  the  nucleus.  The  nature  of  these  atoms  or  groups 
determines,  moreover,  the  position  taken  up  by  tbe  entering 
nitro-group ; if  the  former  be  strongly  negative  or  acid  in 
character,  as,  for  example,  -NO.,,  -COOK,  and  -S03H,  a 
?«-nitro-derivative  is  formed,  whereas,  when  the  atom  or  group 
in  question  is  a halogen,  an  alkyl,  or  an  arnido-  or  hydroxyl- 
group,  a mixture  of  the  o-  and  yi-nitro-derivatives  is  produced. 

This  directing  influence  of  an  atom  or  group  already  com- 
bined with  the  nucleus,  on  the  position  which  is  taken  up  by 
a second  atom  or  group,  is  by  no  means  restricted  to  the  case 
of  nitro-compounds,  but  is  observed  in  tho  formation  of  all 
benzene  substitution  derivatives,  except,  of  course,  in  that  of 
the  mono-substitution  products  ; so  regularly,  in  fact,  is  this 
influence  exercised,  that  it  is  possible  to  summarise  the  course 
of  those  reactions  which  take  place  in  the  formation  of  the 
best-known  di-derivatives  in  the  following  statements  : 

The  relative  position  taken  up  by  an  atom  or  group,  Ji, 
depends  on  its  nature,  and  on  that  of  the  atom  or  group,  A, 
already  united  with  the  nucleus. 
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When  A = Cl,  Er,  I,  NH2,  OH,  CH„ 
and  B = Cl,  Br,  NO,,  SOsH, 

a ^jam-compound  is  the  principal  product,  but  it  is  usually 
accompanied  by  smaller  and  varying  quantities  of  the  ortho- 
compound. 

When,  on  the  other  hand, 

A = NO,,  COOH,  SO:iH,  CHO,  CO.CH3, 
and  B - Cl,  Br,  NO,,  SOaH, 

a roefa-derivative  is  the  principal  product,  and  only  very 
small  quantities  of  the  ortho-  and  para-compounds  are 
formed. 

These  statements  also  hold  good  when  two  identical  atoms 
or  groups  are  introduced  in  one  operation,  since  the  change 
really  takes  place  in  two  stages ; when  benzene,  for  example, 
is  treated  with  nitric  acid,  meta-dinitrobenzene  is  the  principal 
product,  whereas  with  bromine  it  yields  para-dibromobenzene. 

Properties. — As  a rule,  aromatic  nitro-compounds  are 
yellowish,  well-defined  crystalline  substances,  and  are,  there- 
fore, of  great  service  in  identifying  hydrocarbons  and  other 
liquids  ; many  of  them  are  volatile  in  steam,  but,  with  the 
exception  of  certain  mono-nitro-derivatives,  cannot  be  dis- 
tilled under  ordinary  pressure,  as  when  heated  strongly  they 
undergo  decomposition,  sometimes  with  exjfiosive  violence ; 
they  are  generally  insoluble  in  water,  but  soluble  in  benzene, 
ether,  alcohol,  Ac.  As  in  the  case  of  the  nitro-paraffins 
(part  i.  p.  181),  the  nitro-group  is  very  firmly  combined,  and 
is  not,  as  a rule,  displaced  by  the  hydroxyl-group  on  treat- 
ment with  potash  even  at  high  temperatures. 

The  most  important  reaction  of  the  nitro-compounds — 
namely,  their  behaviour  on  reduction,  is  described  later 
(p.  356). 

Nitrobenzene,  CnTT5-NO.„  is  usually  prepared  in  the  labora- 
tory by  slowly  adding  to  benzene  (10  parts)  a mixture  of 
nitric  acid  of  sp.  gr.  1-45  (12  parts),  and  concentrated 
sulphuric  acid  (16  parts),  the  temperature  being  kept  below 
about  40°  by  cooling  in  water,  and  the  mixture  being 
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constantly  shaken  ; the  benzene  dissolves  in  the  acids, 
although  it  does  not  appear  to  do  so,  because  it  is  quickly 
converted  into  the  iiitro-eompound,  which  separates  again 
as  a yellowish-brown  oil.  As  soon  as  all  the  benzene  has 
been  added,  the  mixture  is  heated  at  about  80°  for  half  an 
hour,  then  cooled,  and  poured  into  a large  volume  of  water ; 
the  nitrobenzene,  which  collects  at  the  bottom  of  the  vessel, 
is  separated  with  the  aid  of  a funnel,  washed  with  a little 
water  or  dilute  soda  until  free  from  acid,  dried  with  calcium 
chloride,  and  fractionated,  in  order  to  separate  it  from  un- 
changed benzene  and  from  small  quantities  of  dinitrobenzene 
which  may  have  been  produced ; this  is  very  easily  accom- 
plished, as  the  boiling-points  of  the  three  compounds  are 
widely  different. 

On  the  large  scale,  nitrobenzene  is  prepared  in  a similar 
manner,  but  the  operation  is  carried  out  in  iron  vessels  pro- 
vided with  an  arrangement  for  stirring,  and  the  product  is 
distilled  from  iron  retorts,  or,  better,  in  a current  of  steam. 

Nitrobenzene  is  a pale-yellow  oil  of  sp.  gr.  1-2  at  0°,  and 
has  a strong  smell  which  is  very  like  that  of  benzaldehyde 
(p.  406) ; it  boils  at  205°,  is  volatile  in  steam,  and  is  miscible 
with  organic  liquids,  but  practically  insoluble  in  water;  in 
spite  of  the  fact  that  it  is  poisonous,  it  is  often  employed 
instead  of  oil  of  bitter  almonds  for  flavouring  and  per- 
fuming purposes,  under  the  name  of  ‘ essence  of  mirbane ; ’ 
its  principal  use,  however,  is  for  the  manufacture  of  aniline 
(p.  361). 

Meta-dinitrobenzene,  C6H4(N02)2,  is  obtained,  together 
with  small  quantities  of  the  o-  and  y>dinitro-compounds,  when 
benzene  is  gradually  added  to  a mixture  of  nitric  acid  (sp.  gr. 
1-5)  and  concentrated  sulphuric  acid,  and  the  whole  then 
heated  on  a sand-bath,  until  a portion  of  the  oil,  which  floats 
on  the  surface,  solidifies  completely  when  dropped  into  water; 
after  cooling,  the  mixture  is  poured  into  a large  volume  of 
water,  the  solid  product  separated  by  filtration,  washed  with 
water,  and  recrystallised  from  hot  alcohol  until  its  melting- 
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point  is  constant ; the  o-  and  ^-compounds,  formed  only  in 
very  small  quantities,  remain  dissolved  in  the  mother-liquors. 

Meta-dinitrobenzene  crystallises  in  pale-yellow  needles,  melts 
at  90°,  and  is  volatile  in  steam ; it  is  only  sparingly  soluble 
in  boiling  water,  but  dissolves  freely  in  most  organic  liquids. 
On  reduction  with  alcoholic  ammonium  sulphide  (p.  357)  it 
is  first  converted  into  ?»-nitraniline  (p.  363),  and  then  into 
m-phenylenediamiue  or  meta-diamidobenzene,  C6H4(NH2)„  (p. 
364). 

o- Dinitrobenzene  and  p-dinitrobenzeve  are  colourless,  crystal- 
line compounds,  melting  at  118°  and  173°  respectively;  they 
resemble  the  corresponding  m-compound  in  their  behaviour 
on  reduction,  and  in  most  other  respects.  o-Dinitrobenzene, 
however,  differs  notably  from  the  other  two  isomerides,  inas- 
much as  it  interacts  with  boiling  soda,  yielding  o-nitrophenol 
(p.  393),  and,  with  alcoholic  ammonia  at  moderately  high 
temperatures,  giving  o-nitraniline  (p.  363).  A similar  be- 
haviour is  observed  in  the  case  of  other  o-dinitro-compounds, 
the  presence  of  the  one  nitro-group  rendering  the  other  more 
easily  displaceable. 

Symmetrical  trinitrobenzene,  C6II3(N02)3,  is  formed  when 
the  TO-dinitro-compound  is  heated  with  a mixture  of  nitric  and 
anhydrosulphuric  acids ; it  crystallises  in  colourless  plates  and 
needles,  melting  at  121-122°. 

The  halogen  derivatives  of  benzene  are  readily  nitrated, 
yielding,  however,  the  o-  and  y>mononitro-derivatives  only, 
according  to  the  general  rule  ; the  ?rt-nitro-halogen  compounds 
are  therefore  prepared  by  chlorinating  or  brominating  nitro- 
benzene. All  these  nitro-halogen  derivatives  are  crystalline, 
and,  as  will  be  seen  from  the  following  table,  their  melting- 
points  exhibit  the  regularity  mentioned  above  (p.  332),  except 
in  the  case  of  ?n-iodonitrobenzene  : 


Chloronitrobenzene, 

C6H4C1-N02, 

Ortho. 

32-5° 

Meta. 

44-4° 

Para. 

83° 

Bromonitrobenzcne, 

C(.H4Br.NO„ 

41-5 

56 

126 

Iodonitrobenzene, 

ctiH4i-]sro0, 

49 

33 

171 
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They  are,  on  the  whole,  very  similar  in  chemical  properties, 
except  that,  as  already  pointed  out  (p.  346),  the  o-  and  p- 
compounds  differ  from  the  m-eompounds  in  their  behaviour 
with  alcoholic  potash  and  ammonia,  a difference  which  recalls 
that  shown  by  the  three  dinitrobenzenes. 

The  nitrotoluenes,  C6H4(CH3)-N02,  are  important,  because 
they  serve  for  the  preparation  of  the  toluidines  (p.  364).  The 
o-  and  ^-compounds  are  prepared  by  nitrating  toluene,  and  may 
be  partially  separated  by  fractional  distillation  ; o-nitrotoluene 
is  liquid  at  ordinary  temperatures,  and  boils  at  223°,  whereas 
p-nitrotoluene  is  crystalline,  and  boils  at  237°,  its  melting-point 
being  54°.  m-Nitrotoluene  is  not  easily  prepared ; it  melts 
at  16°,  and  boils  at  230°. 

Many  other  nitro-compounds  are  mentioned  later. 


CHAPTER  XXIII. 

AMIDO-COMPOUNDS  AND  AMINES. 

The  hydrogen  atoms  in  ammonia  may  be  displaced  by 
aromatic  radicles,  bases,  such  as  aniline,  CGH5-XH2,  benz- 
ylamine,  CeH5-CH2-NII2,  and  diamidobenzene,  C6H4(NH2)2, 
which  are  analogous  to,  and  have  many  properties  in  common 
with  the  fatty  amines,  being  produced ; as,  however,  those 
compounds  which  contain  the  amido-group  directly  united  with 
carbon  of  the  nucleus  differ  in  many  important  respects  from 
those  in  which  this  group  is  present  in  the  side-chain,  the 
former  are  usually  called  amido-compounds,  whereas  the  latter 
are  classed  as  aromatic  amines,  because  they  are  the  true 
analogues  of  the  fatty  amines. 

A m ido-compounds. 

The  amido-compounds  may,  therefore,  be  regarded  as 
derived  from  benzene  and  its  homologues  by  the  substitution 
of  one  or  more  amido-groups  for  hydrogen  atoms  of  the 
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nucleus ; they  may  be  classed  as  mono-,  di-,  tri-,  &c.,  amido- 
compounds,  according  to  the  number  of  such  groups  which 
they  contain. 

C6H5.NH2  CcH4(NH2)2  C6H3(NH2)s. 

Amidobenzene  (Aniliiio).  Diamidobenzene.  Triamidobenzene. 

With  the  exception  of  aniline,  all  amido-compounds  exist  in 
three  or  more  isomeric  modifications ; there  are,  for  example, 
three  isomeric  (o.  diamidobenzenes,  and  three  isomeric 
(o.m.p.)  amidotoluenes,  or  toluidines,  C0H4(CH3)-NH9,  a 
fourth  isomeride  of  the  toluidines — namely,  benzylamine, 
C6H5-CH2-NH2  (p.  368),  being  also  known. 

Preparation. — The  amido-compounds  are  almost  . always 
prepared  by  the  reduction  of  the  nitro-com pounds  ; various 
reducing  agents,  such  as  tin,  zinc,  or  iron,  and  hydrochloric  or 
acetic  acid,  are  employed,  but  perhaps  the  most  common  one 
is  a solution  of  stannous  chloride  in  hydrochloric  acid, 
C6H5.N02  + 6H  = C6H5-NH2  + 2H20 

C«H*<No!  + 6H  = C,H4<™,  + 2h20 

C6H5-N02  + SSnClg  + 6HC1  = C6H5-NH2  + 3SnCl4  + 2H,0. 

Reduction  is  usually  effected  by  simply  treating  the  nitro-com- 
pound  with  the  reducing  mixture  without  a special  solvent,  when  a 
vigorous  reaction  often  ensues,  heating  being  seldom  necessary 
except  towards  the  end  of  the  operation.  The  solution  contains  the 
amido-compound,  combined  as  a salt  with  the  acid  which  has  been 
employed  ; when,  however,  tin  or  stannous  chloride  and  hydro- 
chloric acid  have  been  used,  a double  salt  of  the  hydrochloride  of 
the  base  and  stannic  chloride  is  produced  ; in  the  reduction  of  nitro- 
benzene, for  example,  the  double  salt,  aniline  stannichloride,  has 
the  composition 

(C6Hr/NHo,  IICl)o,  SnCl4. 

In  any  case,  the  salt  is  decomposed  by  the  addition  of  excess  of 
caustic  soda  or  lime,  and  the  liberated  base  either  distilled  with 
steam  or  extracted  with  ether,  or  isolated  in  some  other  manner 
suitable  to  the  special  case.  Recent  researches  show  that  the  re- 
duction of  nitro-compounds  may  take  place  in  two  stages:  in  the 
first  place,  a derivative  of  liydroxylamine  is  produced, 

C6Hb.N02  + 4H  = C6H5NHOH  + H20, 

Phenylhydroxylamine, 
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and  this,  by  the  further  action  of  the  reducing  agent,  is  converted 
into  the  aruido-compound. 

Nitro-compounds  may  also  be  reduced  to  amido-compounds 
by  employing  sulphuretted  hydrogen  in  alkaline  solution,  or, 
more  conveniently,  an  alcoholic  solution  of  ammonium 
sulphide, 

C6H5-N02  + 3SH2  = CgH5-NH2  + 2H20  + 3S. 

The  nitro-compound  is  dissolved  in  alcohol,  concentrated 
ammonia  added,  and  a stream  of  sulphuretted  hydrogen  passed 
into  the  solution,  until  reduction  is  complete,  heat  being  applied  if 
necessary.  The  solution  is  then  filtered  from  precipitated  sulphur, 
the  alcohol  distilled  off,  and  the  residue  acidified  with  hydro- 
chloric acid  ; the  filtered  solution  of  the  hydrochloride  of  the  base 
is  now  evaporated  to  a small  bulk  and  treated  with  soda,  when  the 
base  separates  as  an  oil  or  solid,  and  may  then  be  purified  by  dis- 
tillation, recrystallisation,  &e. 

When  there  are  two  or  more  nitro-groups  in  a compound, 
partial  reduction  may  be  accomplished  either  by  treating  its 
alcoholic  solution  with  the  calculated  quantity  of  stannous 
chloride  and  hydrochloric  acid,  or  by  adding  strong  ammonia 
and  passing  sulphuretted  hydrogen ; in  the  latter,  as  in  the 
former  case,  one  nitro-group  is  reduced  before  a second  is 
attacked,  so  that  by  stopping  the  current  of  gas  at  the  right 
time  (usually  ascertained  by  weighing  the  sulphuretted  hydrogen 
absorbed),  only  partial  reduction  takes  place.  Dinitrobenzene, 
for  example,  can  be  converted  into,  nitraniline  by  either  of 
these  methods,  the  latter  being  the  more  convenient, 

C6H4<^  + OH  = C8H4<*°?  + 2H20. 

The  amido-derivatives  of  toluene,  xylene,  &c.,  are  com- 
mercially prepared  by  heating  the  hydrochlorides  of  the 
isomeric  alkylanilines,  such  as  methylaniline  and  dimethyl- 
aniline,  at  280-300°,  when  the  alkyl-group  leaves  the  nitrogen 
atom  and  enters  the  nucleus  (compare  p.  305), 

C„HS.NH.CHS,  HC1  - ^ 

Methylaniline  Hydrochloride.  p*Toluidinc  Hydrochloride. 
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In  tlie  case  of  dimethylaniline  this  change  takes  place  in 
two  stages, 

HCl  = C6IIt<™»CH  HC1 

Dimethylaniline  Hydrochloride.  Methyl-p-toluidine  Hydrochloride. 

PIT  /CII3 

cgiii<C^h!ch!  hci  = c6h34ch 

\NH2,  HCl. 

Metliyl-p-toluidine  Hydrochloride.  Xylidine  Hydrochloride 

[CH3:CH3:NHo  = 1:3:4], 


In  tliis  remarkable  reaction  the  alkyl-group  displaces  hydrogen 
from  the  ortho-,  and  from  the  para-position  to  the  amido-group,  but 
principally  the  latter ; meta-derivatives  cannot  be  prepared  in  this 


way. 

This  method  is  used,  on  the  large  scale,  for  preparing  toluidine, 
xylidine,  &c.  ; aniline  is  heated  with  methyl  alcohol  and  hydro- 
chloric acid  at  a high  temperature,  when  the  methyl-  and  dimethyl- 
anilines  first  produced  (p.  365)  undergo  intramolecular  change  as 
explained  above. 


The  diamklo-compounds,  such  as  the  o-,  in-,  and  p-diamido- 
benzenes  or  phenylenediamines,  C6H4(NH2)2,  are  prepared 
by  reducing  either  the  corresponding  dinitrobenzenes, 
C0H4(NO2)2,  or  the  nitranilines,  CcH4(N02)-NH2,  generally 
with  tin  and  hydrochloric  acid. 

Properties. — The  mowamn/o-compounds  are  mostly  colour- 
less liquids,  which  distil  without  decomposition,  and  are 
specifically  heavier  than  water ; they  have  a faint  but  charac- 
teristic odour,  and  dissolve  freely  in  alcohol,  ether,  and  other 
organic  solvents,  but  they  are  only  sparingly  soluble  in  water ; 
on  exposure  to  light  they  rapidly  darken,  and  ultimately 
become  brown  or  black. 

They  are  comparatively  weak  bases,  which  are  neutral 
to  litmus,  and  although  they  combine  with  acids  to  form 
salts  such  as  aniline  hydrochloride,  CGH5-NH2,  HCl,  these 
salts  are  readily  decomposed  by  weak  alkalies  or  alkali 
carbonates,  with  liberation  of  the  bases  ; in  these  respects, 
then,  the  amido-compounds  differ  in  a marked  manner  from 
the  strongly  basic  fatty  amines  and  from  the  true  aromatic 
amines,  such  as  benzylamine  (p.  368). 
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Tlie  feebly  basic  character  of  the  amido-compounds  is  due 
to  the  fact  that  the  phenyl  radicle,  C6H6-,  has  a markod 
negative  or  acid  character,  and  its  substitution  for  one  of  the 
hydrogen  atoms  in  ammonia  has  the  effect  of  diminishing  or 
neutralising  the  basic  character  of  the  latter,  a result  which 
is  directly  the  opposite  of  that  arrived  at  by  displacing 
the  hydrogen  atoms  of  ammonia  by  an  alkyl  (or  positive) 
group,  since  the  amines  are  stronger  bases  than  ammonia. 

When  two  hydrogen  atoms  in  ammonia  are  displaced  by  phenyl- 
groups,  as  in  diphenylamine,  (C6H3)2NH  (p.  367),  a still  feebler 
base  is  produced,  the  salts  of  which  are  decomposed  by  water. 
Triphenylamine,  (C6H5)3N  (p.  368),  moreover,  does  not  form  salts  at 
all. 

For  the  same  reason  the  hydroxy-,  nitro-,  and  halogen-derivatives 
of  the  amido-compounds,  such  as  amido-phenol,  C8H4(OH)-NII2, 
nitraniline,  C8H4(N02)-NH2,  chloraniliue,  C8H4C1-NH2,  &c.,  are  even 
weaker  bases  than  the  amido-compounds  themselves,  because  the 
presence  of  the  negative  groups  or  atoms,  HO-,  N02~,  C1-,  &c., 
enhances  the  acid  character  of  the  phenyl  radicle. 

The  amido-compounds  also  differ  from  the  fatty  primary 
amines  and  from  the  true  aromatic  primary  amines  in  their 
behaviour  with  nitrous  acid.  Although  when  warmed  with 
nitrous  acid  in  aqueous  solution  they  yield  phenols  by  the 
substitution  of  hydroxyl  for  the  amido-group,  just  as  the 
fatty  amines  under  similar  treatment  are  converted  into 
alcohols  (part  i.  p.  202), 

c6h6.nh2  + N02H  = C0II5-OII  + N,  + II., 0 
c2h5-nh2  + no2h  = c2h5-oh  + + h2o, 

yet  when  treated  with  nitrous  acid  in  cold  aqueous  solution, 
they  are  converted  into  diazo-compounds  (p.  370),  substances 
which  cannot  be  produced  from  the  primary  amines. 

It  will  be  evident  from  the  above  statements  that  there  are 
several  important  differences  between  the  amido-compounds 
and  the  true  primary  amines,  the  character  of  an  amido- 
group  in  the  nucleus  being  influenced  by  its  state  of  combina- 
tion ; nevertheless,  except  as  regards  those  points  already 
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mentioned,  amido-compounds  have,  on  the  whole,  properties 
very  similar  to  those  of  the  true  primary  amines. 

The  amido-compounds,  like  the  primary  amines,  interact 
readily  with  alkyl  halogen  compounds,  yielding  alkyl-deriva- 
tives, such  as  methylaniline,  C6H5-NH-CH3,  dimethylaniline, 
C6H5-N(CH;j)2,  &c.,  and  also  compounds  such  as  phenyl- 
trimethylammonium  iodide,  CgH5-jSt(CH3)3I,  which  corre- 
spond with  the  quaternary  ammonium  salts  (part  i.  p.  205). 

They  aro  also  readily  acted  on  by  anhydrides  and  acid 
chlorides,  and  even  by  acids  on  prolonged  heating,  yielding 
substances  such  as  acetanilide  and  acetotoluidide,  which  are 
closely  allied  to  the  fatty  amides  (part  i.  p.  161),  and  from 
which  they  may  be  regarded  as  derived, 


c0h5.nii2  + CH3-COOH  = C6H5-NH-CO-CH3+ I-LO 
C6H4(CH3).NH2  + (CH3.C0)20  = 

p-Toluiiline. 

C6H4(CH3)-NH-CO-CH3  + CH3-COOH ; 

, Aceto-j>toluidide. 

these  compounds,  like  the  amides,  are  readily  resolved  into 
their  constituents  on  boiling  with  acids  or  alkalies, 


c,h4< 


ch3 

NHCO-CH. 


+ H,0  = C0H4<^3  + CH3-COOH. 


The  amido-compounds,  like  the  fatty  primary  amines,  give 
the  carbylamine  reaction  ; when  a trace  of  aniline,  for  example, 
is  heated  with  alcoholic  potash  and  chloroform,  an  intensely 
nauseous  smell  is  observed,  due  to  the  formation  of  phenyl- 
carbylamine  (part  i.  pp.  173,  202), 

CfiHr-NH„  + CHCL  + 3KOH  = Q.H.-NiC  + 3KC1  + 3HqO. 


Aqueous  solutions  .of  amido-compounds  are  coloured  in- 
tensely violet  on  the  addition  of  a solution  of  bleaching-powder 
or  sodium  hypochlorite,  a behaviour  which,  as  well  as  the 
carbylamine  reaction,  is  made  use  of  in  their  detection. 

Diamido-  and  triamido-compounds,  such  as  the  three  (o.m.  p.) 
phenylenediamines  or  diamidobenzenes,  C6H4(NH2)2,  and 
the  triamidobenzenes,  CgH3(jStH2)3,  are  very  similar  to  the 
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monamido-compounds  in  chemical  properties,  but  differ  from 
them  usually  in  being  solid,  more  readily  soluble  in  water,  and 
less  volatile ; since,  moreover,  they  contain  two  and  three 
amido-groups  respectively,  they  neutralise  two  or  three  equi- 
valents, of  an  acid,  yielding  salts  such  as  C6H4(NH2)2,  2HC1 
and  C6H3(NH2)3,  3IIC1. 

Aniline  and  its  Derivatives. 

Aniline,  amidobenzene,  or  phenylamine,  CeH5-NII2,  was 
first  prepared  by  Unverdorben  in  1826  by  distilling  indigo,  the 
name  aniline  being  derived  from  ‘ anil,’  the  Spanish  for 
indigo.  Runge  in  1834  showed  that  aniline  is  contained  in 
small  quantities  in  coal-tar,  but  its  preparation  from  nitro- 
benzene was  first  accomplished  by  Zinin  in  1841. 

Aniline  is  manufactured  on  a very  large  scale  by  the  reduc- 
tion of  nitrobenzene  with  scrap  iron  and  crude  hydrochloric 
acid  ; but  in  preparing  small  quantities  in  the  laboratory,  the 
most  convenient  reducing  agent  is  tin  and  hydrochloric  acid, 

C6H5.NO„  + 6H  = C6H..NH2  + 2H„0, 

2C6H5.N02  + 3Sn  + 12HC1  = 2C6H5-NH2  + 3SnCl4  + 411,0. 

Nitrobenzene  (50  grams)  and  granulated  tin  (80  grams)  are  placed 
in  a flask,  and  concentrated  hydrochloric  acid  (290  grams)  added 
in  small  quantities  at  a time  ; at  first  the  mixture  must  be  cooled  if 
the  reaction  be  too  violent,  but  when  all  the  acid  has  been  added, 
the  product  is  carefully  heated  on  a water- bath  for  about  half  an 
hour.  The  solution  of  aniline  stannichloride  is  now  treated  with 
soda  until  strongly  alkaline,  the  liberated  aniline  distilled  in  steam, 
and  the  distillate  extracted  with  ether.  The  ethereal  extract  is 
then  dried  over  solid  potash,  the  ether  distilled  off,  and  the  aniline 
purified  by  distillation. 

Aniline  is  a colourless  oil,  boiling  at  1 83"  ; it  has  a faint, 
characteristic  odour,  and  is  sparingly  soluble  in  water,  but 
readily  in  alcohol  and  ether  ; it  gradually  turns  yellow  when 
exposed  to  light  and  air,  becoming  ultimately  almost  black. 
Although  neutral  to  litmus,  aniline  has  very  decided  basic 
properties,  and  neutralises  acids,  forming  soluble  salts,  such  as 


3G2 


AMIDO-COMPOUNDS  AND  AMINES. 


aniline  hydrochloride,  CfiH6-NH2,  HC1,  and  the  rather  spar- 
ingly soluble  sulphate,  (C6Ha-NH2)2,  1I2S04.  The  former,  like 
the  hydrochlorides, of  ethylamine,  &c.,  forms  double  salts  with 
platinum  chloride  and  gold  chloride  ; on  treating  a moderately 
concentrated  solution  of  the  hydrochloride  with  platinum 
chloride,  for  example,  the  plalinochlori.de, 

(C0H5.NH2)2,  H2PtCl0, 

is  precipitated  in  yellow  plates,  which  are  moderately  soluble 
in  water. 

When  aniline  is  heated  with  chloroform  and  alcoholic 
potash,  it  yields  phenylcarbylamine,  C6H.- • N : C,  a substance 
readily  recognised  by  its  penetrating  and  very  disagreeable 
odour ; the  presence  of  aniline  may  also  be  detected  by  treat- 
ing its  aqueous  solution  with  bleaching-powder  solution  or 
sodium  hypochlorite,  when  an  intense  purple  colouration  is 
produced. 

When  solutions  of  the  salts  of  aniline  are  treated  with 
nitrous  acid,  at  ordinary  temperatures,  salts  of  diazo-com- 
pounds  (p.  370)  are  formed,  but  on  warming,  the  latter  are 
decomposed  with  formation  of  phenol  (p.  391). 

Aniline  is  very  largely  employed  in  the  manufacture  of 
dyes,  and  in  the  preparation  of  a great  number  of  benzene 
derivatives. 

Acetanilide,  C6Ha-NH-CO-CH3,  is  readily  prepared  by 
boiling  aniline  with  excess  of  glacial  acetic  acid  on  a reflux 
apparatus  for  several  hours,  when  the  aniline  acetate  first 
formed  is  slowly  converted  into  acetanilide,  with  elimination 
of  water.  The  product  is  purified  by  fractionation  or  simply 
by  recrystallisation  from  boiling  water, 

C„H5-NH2,  CH3-COOH  = CGH5-lsII-CO-Cir3  + h2o. 

It  crystallises  in  glistening  plates,  melts  at  115°,  and  is 
sparingly  soluble  in  cold  water,  but  readily  in  alcohol  ; when 
treated  with  acids  or  alkalies,  it  is  rapidly  hydrolysed  into 
aniline  and  acetic  acid.  It  is  used  in  medicine  as  a febrifuge, 
under  the  name  of  anlifebrin. 
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Formanilide,  C6H5-NH-CHO,  the  anilide  of  formic  acid, 
and  oxanilide,  C6H6-NH-CO-CO-NT3-C6H5,  the  anilide  of 
oxalic  acid,  may  be  similarly  prepared. 

Substitution  Products  of  Aniline. — Aniline  and,  in  fact,  all  amiilo- 
cotnpounds  are  much  more  readily  attacked  by  halogens  than  the 
hydrocarbons : when  aniline,  for  example,  is  treated  with  chlorine 
or  bromine  in  aqueous  solution,  it  is  at  once  converted  into  trichlor- 
aniline,  CUH2CJ3-NH„,  and  tribromaniline,  C^IhlhyN  lb,  respect- 
ively, so  that  in  order  to  obtain  mono-  and  di-substitution  products, 
indirect  methods  must  be  employed. 

The  o-  and  p-chloraniiines,  C6H4C1-NH2,  may  be  prepared  by 
passing  chlorine  into  acetanilide,  the  ^-derivative  being  obtained 
in  the  larger  quantity.  The  two  isomerides  are  first  separated  by 
crystallisation,  and  then  decomposed  by  boiling  with  an  alkali  or 
acid, 

CuH4C1-NH-CO-CH3  + KOH  = C„H4C1-NH2  + CH.-COOK. 

• Chloracetanilide.  Chlorauiliue. 

The  effect  of  introducing  an  acetyl-group  into  the  amido-group  is 
therefore  to  render  aniline  less  readily  attacked  ; acetanilide,  in  fact, 
behaves  towards  chlorine  and  bromine  more  like  benzene  than 
aniline.  m-Chloraniline  is  most  conveniently  prepared  by  the 
reduction  of  m-chloronitrobenzene,  CbH4C1-NOo  (a  substance  formed 
by  chlorinating  nitrobenzene  in  the  presence  of  antimony  chloride). 
o-Chloraniline  and  m-chloraniline  are  oils  boiling  at  207°  and  230° 
respectively,  but  p-ohloraniline  is  a solid,  which  melts  at  69°,  and 
boils  at  231°. 

Nitranilines , C0H4(NO2)-iStH2,  cannot  be  obtained  by  nitrat- 
ing aniline,  as  the  nitrous  acid,  produced  by  the  reduction 
of  tbe  nitric  acid,  converts  tbe  amido-  into  tbe  hydroxyl-group, 
and  nitro-derivatives  of  phenol  are  formed. 

Tbe  o-  and  y;-compounds  are  prepared  by  nitrating  acet- 
anilide, the  o-  and  p-nitracetanilides  thus  obtained  being  separ- 
ated by  fractional  crystallisation,  and  then  converted  into  tbe 
corresponding  nitranilines  by  beating  with  alkalies.  m-]STitran- 
iline  is  very  readily  prepared  by  tbe  partial  reduction  of 
m-dinitrobenzene,  C0H4(NO.,).„  with  ammonium  sulphide 
(p.  357). 

o-Nilraniline  melts  at  71°,  m-  at  114°,  and  />-  at  147°;  they 
are  all  sparingly  soluble  in  water,  readily  in  alcohol,  and  on 
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reduction  they  yield  the  corresponding  o-,  m-,  and  jj-phenyl- 
enediamines, 


jj"  + 6H  — + 2II.,0. 

Homologues  of  Aniline. — The  toluidines,  or  amido-toluenes, 
C6H4(CH3).NH2,  are  prepared  by  reducing  the  corresponding 
0-,  vi- , and  yj-nitrotoluenes  (p.  355),  by  means  of  tin  and 
hydrochloric  acid,  the  details  of  the  process  being  exactly 
similar  to  those  already  given  in  the  case  of  the  preparation 
of  aniline  from  nitrobenzene, 


C«H‘<N<£  + MI  - C*H<<NH„  + 2140; 

tho  o-  and  jp-compounds  may  also  be  prepared  from  methyl- 
aniline  (p.  357).  Both  o-  and  m-toluidine  are  oils  boiling 
at  197",  but  j>toluidine  is  crystalline,  and  melts  at  45°,  boil- 
ing at  198°.  When  treated  with  nitrous  acid,  the  tolui- 
dines yield  diazo-salts,  from  which  the  corresponding  cresols, 
C0ll4(CII,)-OIf,  are  obtained,  and  in  all  other  reactions  they 
show  the  greatest  similarity  to  aniline ; o-  and  p-toluidine  are 
largely  employed  in  the  manufacture  of  dyes. 

Diamidobenzenes.  — The  pheni/lenediamines,  C0H4(NH2)2, 
are  obtained  by  the  reduction  of  the  corresponding  dinitro- 
benzenes,  or  the  nitranilines,  and  a general  description  of 
their  properties  has  already  been  given  (p.  361)  ; o-phenylene- 
diamine  melts  at  103°,  the  m-  and  ^-compounds  at  63°  and 
140°  respectively.  m-Phenylenediamine  gives  an  intense 
yellow  colouration  with  a trace  of  nitrous  acid,  and  is 
employed  in  water-analysis  for  the  estimation  of  nitrites ; 
both  the  m-  and  ^-compounds  are  largely  employed  in  the 
manufacture  of  dyes. 


Alkylanilines. 

Those  derivatives  of  the  amido-compounds,  obtained  by 
displacing  one  or  both  of  the  hydrogen  atoms  of  the  amido- 
group  by  alkyl  radicles,  are  substances  of  considerable  import- 
ance, and  are  usually  known  as  alkylanilines.  They  are 
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prepared  by  heating  the  amido-compounds,  for  some  hours, 
with  the  alkyl  halogen  compounds,  the  reaction  being  analo- 
gous to  that  which  occurs  in  the  formation  of  secondary  and 
tertiary  from  primary  amines  (p.  369), 

C6H5.NH,  + RC1  = C0H5-NHR,  HC1 
C(iH5-NH2  + 2RC1  = C6H5-NR,,  HC1  + HC1. 
Instead  of  employing  the  alkyl  halogen  compounds,  a mixture 
of  the  corresponding  alcohol  and  halogen  acid  may  be  used ; 
methyl-  and  dimethyl-aniline,  for  example,  are  prepared,  on 
the  large  scale,  by  heating  aniline  with  methyl  alcohol  and 
hydrochloric  acid  at  200-250°, 

C6H5.NH2,  II Cl  + CH3-OH  = C6H5-NH(CH3),  HC1  + HaO 
C0H5-NH2,  HC1  + 2CH3-OH  = C6H5-N(CH3)2,  HC1  +2H20. 

In  either  case  the  product  consists  of  the  salts  of  the  mono-  and 
dialkyl-derivatives,  mixed  with  certain  quantities  of  unchanged 
substances,  but  the  mono-alkyl  derivative  is  usually  present  in 
small  quantity  only  (about  5 per  cent.).  The  three  bases  are 
separated  as  follows  : The  product  is  treated  with  potash,  and  the 
free  bases  (aniline,  methylaniline,  and  dimethylaniline),  which 
separate  as  an  oily  layer,  are  extracted  with  ether.  After  distilling 
off  the  ether,  the  mixture  is  digested  for  a short  time  with  acetic 
anhydride,  by  which  treatment  the  aniline  and  methylaniline  are  con- 
verted into  acetanilide,  C6H5-NH-CO-CH3,  and  methylacetanilide, 
C(!Hr,.N(CH:1)  •CO-CH;,,  respectively,  whereas  the  dimethylaniline  is 
not  acted  on;  the  whole  is  then  distilled,  the  portion  boiling  below 
175°,  which  consists  of  acetic  anhydride,  being  collected  separately. 
The  crystals,  which  are  deposited  on  standing  from  the  portions 
passing  over  above  175°,  are  separated  by  filtration  and  pressure 
from  the  oily  dimethylaniline,  which  is  then  purified  by  frac- 
tionation. 

After  washing  the  crystalline  anilides  with  very  dilute  acetic 
acid,  the  mixture  is  hydrolysed  with  hydrochloric  acid,  the  liquid 
diluted  considerably  with  water,  cooled,  and  an  excess  of  sodium 
nitrite  added ; the  aniline  is  thus  converted  into  diazobenzene 
chloride  (p.  370),  and  the  methylaniline  into  nitrosomethylaniline, 
CaII5-N(CH3)-NO.  The  latter  is  extracted  with  ether,  reduced 
with  tin  and  hydrochloric  acid  (p.  366),  and  the  regenerated  methyl- 
aniline purified  by  distillation  in  steam  and  fractionation.  Ethyl- 
and  diethyl-aniline  may  be  prepared  and  isolated  in  a similar 
manner. 
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These  mono-  and  di-alkyl  derivatives  are  stronger  bases 
than  the  amido-compounds  from  ■which  they  are  derived,  the 
presence  of  the  positive  alkyl-group  counteracting  to  some 
extent  the  action  of  the  negative  phenyl-group  (compare  p. 
359) ; they  are,  in  fact,  very  similar  in  properties  to  the 
secondary  and  tertiary  amines  respectively,  and  may  be 
regarded  as  derived  from  the  fatty  amines  by  the  substitution 
of  a phenyl-group  for  a hydrogen  atom,  just  as  the  secondary 
and  tertiary  amines  are  obtained  by  displacing  hydrogen 
atoms  by  alkyl-groups.  Methylaniline,  for  example,  is  also 
phenylmethylamine,  and  its  properties  are  those  of  a sub- 
stitution product  of  methylamine. 

The  mono-alkylanilines,  like  the  secondary  amines,  are 
converted  into  yellowish  nitroso-compounds  on  treatment 
with  nitrous  acid, 

C0H6-NH-CH3  + HO-NO  = C6H6-N(NO)-CH3  + H20. 

Methylaniline.  Nitrosomethylaniline. 

(CH3)2NH  + HO-NO  = (CH3)2-N-NO  + H20. 

Diraethylamine.  Nitrosoilimethylamiue. 

These  nitroso-compounds  give  Liebermnnn’s  nitroso-reaction 
(part  i.  p.  204),  and  on  reduction  they  yield  ammonia  and 
the  original  alkylaniline, 

C0H6-N(NO)-CH3  + 6H  = C6H6-NH.CH3  + NHS  4-  H20. 

Methylaniline,  CcH6-NH-CH3,  prepared  as  just  described, 
is  a colourless  liquid  which  boils  at  191°,  and,  compared  with 
aniline,  has  strongly  basic  properties.  On  adding  sodium 
nitrite  to  its  solution  in  hydrochloric  acid,  nitrosometliyl- 
aniline , CJTpN^Oj-CITj,  is  precipitated  as  a light-yellow 
oil. 

Dimethylaniline,  C6H5-N(CH3)2,  the  preparation  of  which 
has  just  been  given,  is  a colourless,  strongly  basic  oil,  which 
boils  at  192°;  it  is  largely  used  in  the  manufacture  of  dyes. 

The  di-alkylanilines,  such  as  dimethylaniline,  CeH5-N(CH3),,  also 
interact  readily  with  nitrous  acid  (a  behaviour  which  is  not  shown 
by  tertiary  fatty  amines),  intensely  green  (iso)nitroso-compounds 
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being  formed,  the  NO-  group  displacing  hydrogen  of  the  nucleus 
from  the  ^-position  to  the  nitrogen  atom, 

CttH5-N(CH3)2  + HO-NO  = C0H,<n|cH:i),  + H-0‘ 

Nitrosodiinetliylaniline. 


These  substances  do  not  give  Liehermann’s  nitroso-reaction,  and 
when  reduced  they  yield  derivatives  of  _p-phenylenediamine, 


+ 4H  — C8H4< 


NH„ 

N(CH3)2 

Dimethyl-p-phenylenediainine. 


+ H.,0. 


p-Nitrosodimethylaniline,  C6H4<^^qj^  ^ , is  prepared  by  dis- 
solving dimethylaniline  (1  part)  in  water  (5  parts),  and  concen- 
trated hydrochloric  acid  (2-5  parts),  and  gradually  adding  to  the 
well-cooled  solution  the  calculated  quantity  of  sodium  nitrite 
dissolved  in  a little  water.  The  yellow  crystalline  precipitate  of 
nitrosodiinetliylaniline  hydrochloride  is  separated  by  (iltration, 
dissolved  in  water,  decomposed  by  potassium  carbonate,  and  the 
free  base  extracted  with  ether.  Nitrosodiinetliylaniline  crystal- 
lises from  ether  in  dark-green  plates,  and  melts  at  85° ; it  is  not  a 
nitrosamine,  and  does  not  give  Liebermann’s  nitroso-reaction. 
When  reduced  with  zinc  and  hydrochloric  acid,  it  is  converted 
into  dimetliyl-p-phcnylcne.diamine  (see  above),  and  when  boiled 
with  dilute  soda,  it  is  decomposed  into  qninone  nionoxime 
( p-nitrosop/tcnol ) and  dimcthylamine, 

C«H<<N(CH3)2  + H*°  = c«h4<o'OH  + NH(CH3), 


Diphenyl  amine  and  Triphenylamine. 

The  hydrogen  atoms  of  the  amido-group  in  aniline  may 
also  be  displaced  by  phenyl  radicles,  the  compounds  diphenyl- 
amine,  (C0H5)2NH,  and  triphenylamine,  (C0H5)alSr,  being  pro- 
duced. These  substances,  however,  cannot  bo  obtained  by 
treating  aniline  with  chlorobenzene,  C0H0C1,  a method  which 
would  be  analogous  to  that  which  is  employed  in  tho  prepara- 
tion of  diethylamine  and  triothylamino,  because  the  halogen 
is  so  firmly  bound  to  the  nucleus,  that  no  action  takes  place 
even  when  the  substances  are  heated  together. 

Diphenylamine  is  most  conveniently  prepared  by  heating 
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aniline  hydrochloride  with  aniline  at  about  240°  in  closed 
vessels, 

CeHj-NHj,  HC1  + C61I5-NH2  = (C0H5)2.NH  + ¥H4C1. 

It  is  a colourless,  crystalline  substance,  which  melts  at  54°, 
boils  at  310°,  and  is  insoluble  in  water,  but  readily  soluble 
in  alcohol  and  ether.  It  is  only  a feeble  base,  and  its  salts 
are  decomposed  by  water  with  separation  of  the  base ; its 
solution  in  concentrated  sulphuric  acid  gives  with  a trace 
of  nitrous  acid  an  intense  blue  colouration,  and  it  therefore 
serves  as  a very  delicate  test  for  nitrous  acid  or  nitrites. 
Diphenylamine  is  largely  used  in  the  manufacture  of  dyes, 
also  for  experiments  in  which  a high  constant  temperature 
is  required,  as,  for  example,  in  determining  the  vapour 
density  of  substances  of  high  boiling-point  by  V.  Meyer’s 
method.  When  treated  with  potassium,  diphenylamine  yields 
a solid  potassium  derivative,  (C0H5)2NK,  the  presence  of  the 
two  phenyl-groups  being  sufficient  to  impart  to  the  >NH 
group  a feeble  acid  character,  similar  to  that  of  imides  (part  i. 
p.  238). 

Triplienyl amine,  (C0H5)3N,  may  be  prepared  by  heating 
potassium  diphenylamine  with  monobromobenzene  at  300°, 

(C0H5)2NK  + C6H5  Br  = (C0iy3N  + KBr. 

It  is  a colourless,  crystalline  substance,  melts  at  127°,  and 
has  no  basic  properties,  as  it  does  not  combine  even  with  the 
strongest  acids. 


Aromatic  Amines. 

The  true  aromatic  amines — namely,  those  compounds  in 
which  the  amido-group  is  united  with  carbon  of  the  side-chain, 
are  of  far  less  importance  than  the  amido-compounds,  and 
only  a few  substances  of  this  class  have  been  thoroughly 
investigated. 

Benzylamine,  C0H5-CIT.,-]N1II2,  may,  however,  he  described 
as  a typical  aromatic  primary  amine.  It  may  be  obtained  by 
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reducing  phenyl  cyanide  (benzonitrile,  p.  4*21)  with  sodium 
and  alcoliol, 

C6H5-CN  + 4H  - C6H5.CH2-NH2, 
by  treating  the  amide  of  phenylacetic  acid  (p.  429)  with 
bromine  and  potash, 

C6H5-CII,-C0-NHo  + Br„  + 4KOII  = 

C6H5-CH2-NH2  + 2KBr  + Iv2C03  + 2H20, 

and  by  heating  benzyl  chloride  with  alcoholic  ammonia, 

c6h5-ch2ci  + mi,  = c(3h5-ch2-nh2,  hci. 

All  these  methods  are  similar  to  those  employed  in  the 
preparation  of  fatty  primary  amines. 

Benzylamine  is  a colourless,  pungent-smelling,  strongly 
basic  liquid,  boiling  at  185°;  it  closely  resembles  the  fatty 
amines  in  nearly  all  respects,  and  differs  from  the  monamido- 
compounds  (aniline,  toluidine,  &c.)  in  being  readily  soluble  in 
water,  and  in  not  yielding  diazo-compounds  when  its  salts  are 
treated  with  nitrous  acid.  Like  the  fatty  primary  amines,  it 
gives  the  carbylamine  reaction,  and  is  converted  into  the 
corresponding  alcohol  (benzyl  alcohol,  p.  403)  on  treatment 
with  nitrous  acid. 


Secondary  and  tertiary  aromatic  amines  are  formed  when  a 
primary  amine  is  heated  with  an  aromatic  halogen  compound, 
containing  the  halogen  in  the  side-chain ; when,  for  example, 
benzylamine  is  heated  with  benzyl  chloride,  both  dibenzylaminc 
and  tribenzylamine  are  produced,  just  as  diethylamine  and  triethyl- 
amine  are  obtained  when  ethylamine  is  heated  with  ethyl  bromide, 

C8Hs.CH2.NH,  + C0H('CH3C1  = (C0H,-CH2)sNH,  hci 
C6H5.CH3.NH2  + 2Ci)H,-CH2C1  = (C0H5.CH2)3N,  HCI  + IICl. 

When,  therefore,  benzyl  chloride  is  heated  with  ammonia,  the  pro- 
duct consists  of  a mixture  of  the  salts  of  all  three  amines. 
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CHAPTER  XXI V. 

DIAZO-COMPOUNDS  AND  THEIR  DERIVATIVES. 

It  has  already  been  stated  that  when  the  amido-compounds 
or  their  salts  are  treated  with  nitrous  acid  in  aqueous  solution, 
they  yield  phenols ; this  decomposition,  however,  usually 
takes  place  only  on  warming.  If,  for  example,  a well-cooled 
dilute  solution  of  aniline  hydrochloride  (1  mol.)  be  mixed 
with  sodium  nitrite  (1  mol.),  and  hydrochloric  acid  (1  mol.) 
added  to  set  free  the  nitrous  acid,  phenol  is  not  pro- 
duced, and  the  solution  contains  a very  unstable  substance 
called  diazobenzene  chloride,  the  formation  of  which  may  be 
expressed  by  the  equation 

C6H5-NH2,HC1  + X02H  = C,;IL-X:XC1  + 2H20. 

In  this  respect,  then,  the  amido-compounds  differ  from  the 
fatty  amines;  the  latter  are  at  once  converted  into  alcohols  by 
nitrous  acid  in  the  cold,  whereas  the  former  are  first  trans- 
formed into  diazo-compounds,  which,  usually  only  on  warming, 
decompose  more  or  less  readily  with  formation  of  phenols 
(p.  386). 

All  amido-compounds  behave  in  this  way,  yielding  diazo- 
salts similarly  constituted  to  diazobenzene  chloride. 

The  diazo-salts  were  discovered  in  1860  by  P.  Griess;  they 
may  be  assumed  to  be  salts  of  diazobenzene,  CeH5-X:N-OII, 
and  its  homologues.  substances  which  it  has  not  been  found 
possible  to  isolate  in  a pure  state  and  analyse  on  account  of 
their  unstable  nature. 

The  diazo-salts  (usually  spoken  of  as  the  diazo-compounds) 
may  nevertheless  be  isolated  without  much  difficulty,  although, 
as  a matter  of  fact,  they  are  seldom  separated  from  their 
aqueous  solutions,  partly  because  of  their  explosive  character, 
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partly  because  for  most  purposes  for  which  they  are  prepared 
this  operation  is  quite  unnecessary. 

Preparation . — Anhydrous  diazo-salts  may  be  obtained  by 
treating  a well-cooled  solution  of  an  amido  compound  in 
absolute  alcohol  with  amyl  nitrite  and  a mineral  acid,  in 
absence  of  any  considerable  quantity  of  water, 

CflII6-NHj,HCl  + C6Hu-0-N0  = 

C6H5.N:NC1  + c6hu.oii  + h2o. 

Dicizobenzene  sulphate,  C6H3-N:N-S04H,  for  example,  is  pre- 
pared by  dissolving  aniline  (15  parts)  in  absolute  alcohol  (10  parts), 
adding  concentrated  sulphuric  acid  (20  parts),  and  after  cooling 
in  a freezing  mixture,  slowly  running  in  pure  amyl  nitrite  (20 
grams) ; after  10-15  minutes  diazobenzene  sulphate  separates  in 
crystals,  which  are  washed  with  alcohol  and  ether,  and  dried  in 
the  air  at  ordinary  temperatures. 

Diazobenzene  chloride  and  diazobenzene  nitrate  may  be  obtained 
in  a similar  manner,  employing  alcoholic  solutions  of  hydrogen 
chloride  and  of  nitric  acid  in  the  place  of  sulphuric  acid. 

Diazobenzene  nitrate,  C8H5-N:N-NO:|,  may  also  be  conveniently 
isolated  as  follows  : Aniline  nitrate  is  suspended  in  a small  quantity 
of  water,  and  the  liquid  saturated  with  nitrous  acid  (generated 
from  As.203  and  HN03),  when  the  crystals  gradually  dissolve  with 
formation  of  diazobenzene  nitrate  ; on  the  addition  of  alcohol  and 
ether,  this  salt  separates  in  colourless  needles.  Special  precau- 
tions are  to  be  observed  in  preparing  this  substance,  as,  when  dry, 
it  is  highly  explosive,  although  it  may  be  handled  with  safety  if 
kept  moist. 

Aqueous  solutions  of  the  diazo-salts  are  prepared  by  dis- 
solving the  amido-compound  in  an  aqueous  mineral  acid,  and 
adding  the  theoretical  quantity  of  a solution  of  sodium  nitrite, 
after  first  cooling  to  0°  (see  above,  also  p.  373). 

Properties. — The  diazo-salts  are  colourless,  crystalline  com- 
pounds, very  readily  soluble  in  water ; in  the  dry  state  they 
are  more  or  less  explosive,  and  should  be  handled  only  with 
the  greatest  caution.  They  are  of  immense  value  in  syntheti- 
cal chemistry  and  in  the  preparation  of  dyes,  as  they  undergo 
a number  of  remarkable  reactions,  of  which  the  following  are 
some  of  the  more  important. 
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When  warmed  in  aqueous  solution  they  decompose  rapidly, 
with  evolution  of  nitrogen  and  formation  of  phenols  (p.  386), 

C0II5-N:N-NO3  + II20  = C0H5-OH  + N2  + HNOj 
CaH4(CH8).N:NCl  + H20  = C6H4(CH3).OH  + N2  + HC1. 

p-Diazotoluene  Chloride.  p-Cresol. 

When  hoiled  with  strong  alcohol  they  yield  hydrocarbons, 
part  of  the  alcohol  being  oxidised  to  aldehyde, 

C0H5.N:NC1  + C2H5-OH  = Cyll(j  + N2  + HC1  + CH3-CHO. 


Tliese  two  reactions  afford  a means  of  obtaining  phenols 
and  hydrocarbons  from  amido-compounds. 

The  diazo-compounds  behave  in  a very  remarkable  way 
when  treated  with  cuprous  salts;  if,  for  example,  a solution 
of  diazobenzene  chloride  be  warmed  with  cuprous  chloride, 
nitrogen  is  evolved,  and  chlorobenzene  is  produced.  In  this 
reaction,  the  diazo-salt  combines  with  the  cuprous  chloride 
to  form  an  intermediate  brownish  additive  compound,  which 
is  decomposed  at  higher  temperatures,  cuprous  chloride 
being  regenerated ; theoretically,  therefore,  the  reaction  is 
continuous, 

CcH6?N:NC1,  Cu2C12  = C6H6C1  + N2  + Cu2Cl2. 


If,  instead  of  the  chloride,  cuprous  bromide  or  cuprous 
iodide  be  employed,  bromobenzene  or  iodobenzene  is  produced, 


C0H5-N:NBr,Cu,Br2  = C0H5Br  + BT2  + Cu2Br2, 

Additive  Compound.  Bromobenzene. 


whereas  by  using  cuprous  cyanide,  a cyanide  or  nitrile  is 
formed, 


C0H5-N2-CN,  Cu2(CN)2  = C0H6.CN  + Ns  + Cu2(CN)2. 

Additive  Compound.  Phenyl  Cyanide. 


In  this  latter  reaction  a mixture  of  cupric  sulphate  and 
potassium  cyanide  is  generally  used  instead  of  the  previously 
prepared  cuprous  cyanide. 

By  means  of  this  very  important  reaction,  which  was 
discovered  by  Sandmeyer  in  1884,  it  is  possible  to  displace  the 
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NH„-  group  in  amido-compounds  by  Cl,  Br,  I,  CN,  and 
indirectly  by  COOH  (by  the  hydrolysis  of  the  CN-  group),  and 
indeed  by  other  atoms  or  groups ; as,  moreover,  the  yield  is 
generally  good,  Sandmeyer’s  reaction  is  of  great  practical 
value.  The  amido-compounds  being  readily  obtainable  from  the 
nitro-eompounds,  and  the  latter  from  the  hydrocarbons,  this 
method  affords  a means  of  preparing  halogen,  cyanogen,  and 
other  derivatives  indirectly  from  the  hydrocarbons. 

Gattermann  lias  shown  that  the  decomposition  of  the  diazo- 
compounds is,  in  many  cases,  best  brought  about  by  treating  the 
cold  solution  of  the  diazo-salt  with  copper  powder  (prepared  by  the 
action  of  zinc-dust  on  a solution  of  copper  sulphate).  Monochlor- 
benzene, for  example,  is  readily  obtained  from  aniline  by  the 
following  process  : Aniline  (31  grams)  is  dissolved  in  hydrochloric 
acid  (300  grams)  and  water  (150  grams),  the  solution  well  cooled 
with  ice,  and  cliasotised  by  adding  gradually  a concentrated  aqueous 
solution  of  sodium  nitrite  (23  grams).  The  solution  of  diazobenzene 
chloride  thus  obtained  is  gradually  mixed  with  copper  powder  (40 
grams),  when  nitrogen  is  evolved  and  chlorobenzene  produced,  the 
reaction  being  complete  in  about  half  an  hour.  The  chlorobenzene 
is  then  purified  by  distillation  in  steam  and  fractionation. 

In  preparing  cyanobenzene,  CSHS-CN,  from  aniline,  aniline  sul- 
phate is  diazotised,  the  solution  mixed  with  potassium  cyanide,  and 
then  copper  powder  added. 

The  diazo-compounds  also  serve  for  the  preparation  of  an 
important  class  of  compounds  known  as  the  hydrazines,  these 
substances  being  obtained  by  reducing  the  diazo-compounds, 
usually  with  stannous  chloride  and  hydrochloric  acid, 

It- X:  NCI  + 4H  = E-NH-XH2,HC1. 

Diazocliloride.  Hydrazine  Hydrochloride. 

Constitution  of  Diazo-compounds. — That  diazobenzene  salts 
have  the  constitution  expressed  by  the  formula  C6H6-N:XR 

(where  It  = Cl,  Br,  I,  N03,  TISO.,,  &c.)  is  shown  by  the 
following  considerations.  On  reduction  they  are  converted 
into  phenylhydrazine,  C„H6-NH-NII2  (the  constitution  of 
which  is  known,  p.  376),  a fact  which  shows  that  the  two 
nitrogen  atoms  are  united  together,  and  that  one  of  them  {!>) 


374 


DIAZO-COM POUNDS  AND  TI1EIR  DERIVATIVES. 


is  combined  with  the  benzene  nucleus.  Diazobenzene  chloride 
interacts  readily  with  dimethylaniline,  giving  dimethylamido- 
azobeuzene  (p.  376), 

C6H6.N:NC1  + C6H5.N(CH3)2  = 

C0H5.N:N.C6H4.N(CH3)2  + HC1, 

b a 

and  this  substance,  on  reduction,  yields  aniline  and  dimethyl- 
j>plienylenediamine  (p.  376), 

C6H5.N:N.C6H4.N(CH3)2  + 4H  = 

c0ii5.nh2  + NH2.C6H4.N(CHs)2. 

b a 

These  changes  can  only  be  explained  on  the  assumption  that 
the  acid  radicle  is  attached  to  the  a-nitrogen  atom,  as  in  the 
above  formula,  because  if  it  were  united  to  the  other  nitrogen 
atom  (b),  as  in  the  formula  C0H5-NC1  : N,  for  example,  such 

b a 

products  could  not  be  obtained. 

Free  diazobenzene  is  very  unstable,  and  has  not  been  obtained  in 
a pure  state,  but  it  probably  has  the  constitution  C0H5-N:N-OII. 

Diazoamido-  and  A midoazo-compounds. 

Although  some  of  the  more  characteristic  reactions  of 
diazo-compounds  have  already  been  mentioned,  there  are 
numerous  other  changes  of  great  interest  and  of  great  com- 
mercial importance  which  these  substances  undergo. 

When,  for  example,  diazobenzene  chloride  is  treated  with 
aniline,  a reaction  takes  place  similar  to  that  which  occurs 
when  aniline  is  treated  with  benzoyl  chloride  (p.  420),  and 
diazoamidobenzene  is  formed, 

C01T5.MC1  + NH2-CfiH5  = CeH?.M.NH.C6H6  + HC1 

Diazoamidobenzene. 

CgH5.COC1  + NII2.C0H5  = CcH5-  CO  • N H • C6H6. 

Benzoylamiclobenzetie,  or  Benzanilido. 

As,  moreover,  other  diazo-compounds  and  other  amido- 
compounds  interact  in  a similar  manner,  numerous  diazoamido- 
compounds  may  be  obtained. 

Diazoamidobenzene,  CGH5-N:N-NH-C6H6,  may  be  de- 
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scribed  tis  a typical  compound  of  this  class;  it  is  conveniently 
prepared  by  passing  nitrous  fumes  into  an  alcoholic  solution 
of  aniline,  the  diazobenzene  nitrite,  which  is  probably  first 
produced,  interacting  with  excess  of  aniline, 

C0H5.N-JSt.NOs  + c0H5.NH,  = 

C0H6-X:X-NH-C0H5  + HNOj. 

Diazoamidobenzene  crystallises  in  brilliant  yellow  needles, 
and  is  sparingly  soluble  in  water,  but  readily  in  alcohol  and 
ether ; it  does  not  form  salts  with  acids. 

Amidoazobenzene,  C0H5-X:X*C0H4*NH2,  is  formed  when 
diazoamidobenzene  is  warmed  with  a small  quantity  of  aniline 
hydrochloride  at  40°,  intramolecular  change  taking  place, 


C(jH5  • X :X-  XII  • C(!H5 


C8H5-N:X.CgH4.XH2. 


The  course  of  this  remarkable  reaction,  which  is  a general  one, 
and  shown  by  all  diazoamido-coinpounds,  may  possibly  he 
explained  by  assuming  that  the  aniline  hydrochloride  first  decom- 
poses the  diazoamidobenzene,  yielding  diazobenzene  chloride  and 
aniline  thus  : 


C6H8-N :N -NH-CuHj  + C(1H,-NH2,  HC1  = C,;HVN:NC1  + 2CBH5-NH,. 

The  diazobenzene  chloride  then  interacts  with  excess  of  aniline  in 
such  a way  that  the  diazo-group  displaces  hydrogen  of  the  nucleus 
from  theyjara-position  to  the  amido-group, 

C(!H5-N:NCl  + 2CuH6.NH2=C(jHe.N:N-C0H4-NH2+C6H3.NH2,  1IC1. 

The  change  is,  therefore,  theoretically  continuous,  the  regenerated 
aniline  hydrochloride  being  able  to  convert  a further  quantity  of 
the  diazoamidobenzene  into  the  amidoazo-compound. 

Amidoazobenzene  may  also  be  prepared  by  nitrating 
azobenzene  (p.  378),  and  then  reducing  the  j>nitronzo- 
benzene,  CuH5-N:X-C8H4*X02,  which  is  produced  with 
ammonium  sulphide,  a series  of  reactions  analogous  to  those 
which  occur  in  the  formation  of  aniline  from  benzene,  and 
which  prove  the  constitution  of  amidoazobenzene. 

Amidoazobenzene  crystallises  from  alcohol  in  brilliant 
orange-red  plates,  and  melts  at  125°;  its  salts  are  intensely 
coloured,  the  hydrochloride,  CGH5-N:X.C0H4-NH.,,  1IC1,  for 
example,  forms  beautiful  steel-blue  needles,  and  used  to  come 
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into  the  market  under  the  name  of  ‘aniline  yellow’  as  a silk 
dye  (p.  524). 

Other  amidoazo-compounds  may  he  obtained  directly  by  treating 
tertiary  alkylanilines  (p.  304)  with  diazo-salts : dimethylaniline,  for 
example,  interacts  with  diazobenzene  chloride,  yielding  diniethyl- 
amidoazobenzene, 


C„Hb.N:NC1  + C6Hs.N(CH3)2=  C6Hs.N:N.C6H4.N(CH3)2,  HC1, 


no  intermediate  diazoamido-compound  being  formed,  because 
dimethylaniline  does  not  contain  an  NH<  or  NIP-  group. 

In  this  case  also  the  diazo-group,  C61I5-N:N-,  takes  up  the 
^-position  to  the  N(CH3)2- group,  as  is  shown  by  the  fact  that, 
on  reduction,  dimethylamidoazobenzene  is  converted  into  aniline 
and  dimethyl-p-phenylenediamine,  the  latter  being  identical  with 
the  base  which  is  produced  by  reducing  p-nitrosodimetbylaniline 
(p.  367). 


Phenylhydrazine,  C0H&-jStIMstH2,  a compound  of  great 
practical  importance,  is  easily  prepared  by  the  reduction  of 
diazobenzene  chloride, 

C0H6-N:NC1  + 4H  = C6H6-NH-NH2,  IICl. 


Aniline  (10  grams)  is  dissolved  in  concentrated  hydrochloric  acid 
(200  c.c. ),  and  to  the  well-cooled  solution  sodium  nitrite  (7-5  grams) 
dissolved  in  water  (50  c.c.)  is  added  in  small  quantities  at  a time; 
the  resulting  solution  of  diazobenzene  chloride  is  then  mixed  with 
stannous  chloride  (45  grams)  dissolved  in  concentrated  hydrochloric 
acid  (45  grams).  The  precipitate  of  phenylhydrazine  hydrochloride, 
which  rapidly  forms,  is  separated  by  filtration,  dissolved  in  water, 
decomposed  with  potash,  and  the  free  base  extracted  with  ether 
and  purified  by  fractionation. 

Phenylhydrazine  crystallises  in  colourless  prisms,  melts  at 
23°,  and  boils  with  slight  decomposition  at  241°,  so  that  it  is 
best  purified  by  distillation  under  reduced  pressure.  It  is 
sparingly  soluble  in  cold  water,  readily  in  alcohol  and  ether; 
it  is  a strong  base,  and  forms  well-characterised  salts,  such  as 
the  hydrochloride,  C0H5-NH-NH2,  HCl,  which  crystallises  in 
colourless  needles,  and  is  readily  soluble  in  hot  water; 
solutions  of  the  free  base  and  of  its  salts  reduce  Fehling’s 
solution  in  the  cold.  The  constitution  of  phenylhydrazine  is 
established  by  the  fact  that,  when  heated  with  zinc-dust 
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and  hydrochloric  acid,  it  is  converted  into  aniline  and 
ammonia. 

Phenylhydrazine  interacts  readily  with  aldehydes,  ketones, 
and  other  substances  containing  a carbonyl-group,  with  elimi- 
nation of  water  and  formation  of  phenylliydrazones  (hydra- 
zones)  ; as  these  compounds  are  usually  sparingly  soluble  and 
often  crystallise  well,  they,  may  frequently  be  employed  with 
advantage  in  the  identification  and  isolation  of  aldehydes, 
ketones,  &c.  (part  i.  p.  133), 

Ci;H..CIIO  + CcH5-NH-NH2  = C0H5-  CH:N-  NH  • C,jH5  + 11,0 

Benzaldehydo.  Benzaklehyde  Hydrazone. 

Ct!H5.CO-CH3  + c0h5.nh.nh2  = 

Acetophenone. 

C^>C:N.FH-C0H5  + 11,0. 

Acetophenone  Hydrazone. 

Most  hydrazones  are  decomposed  by  strong  mineral  acids, 
with  regeneration  of  the  aldehyde  or  ketone,  and  formation  of 
a salt  of  phenylhydrazine, 

CgH5-CH  :1st  • b!  H • CuH5  + H,0  + HC1  = 

c6h5-cho  + o.n.-NH-Nir,,  nci. 

The  value  of  phenylhydrazine  as  a means  of  detecting  and 
isolating  the  sugars  has  been  explained  (part  i.  p.  267). 

In  preparing  hydrazones,  the  reacting  substances  may  either  lie 
heated  together  without  a solvent,  or  more  frequently  the  substance 
is  dissolved  in  water  (or  alcohol),  and  the  solution  of  the  requisite 
amount  of  phenylhydrazine  in  dilute  acetic  acid  added.  On  warming,' 
the  hydrazone  generally  separates  in  a crystalline  form,  and  may  be 
readily  purified  by  recrystallisation. 

Osazones  (part  i.  p.  268)  are  prepared  by  warming  an  aqueous 
solution  of  a sugar,  with  a large  excess  of  phenylhydrazine  dissolved 
in  dilute  acetic  acid  ; after  some  time  the  osazone  begins  to  be 
deposited  in  a crystalline  form,  the  separation  increasing  as  the 
liquid  cools. 

Azo-compoumh\ 

It  lias  already  been  shown  that  when  nitro-com  pounds  are 
treated  witli  tin  and  hydrochloric  acid,  and  other  acid  roduc- 
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ing  agents,  they  arc  converted  into  amido-compounds,  a 
similar  change  taking  place  when  alcoholic  ammonium 
sulphide  is  employed ; when,  however,  nitro-compounds  are 
treated  with  other  alkaline  reducing  agents,  such  as  sodium 
amalgam,  stannous  oxide  and  soda,  or  zinc-dust  and  soda, 
they  yield  azo-compounds,  such  as  azobenzene,  two  molecules 
of  the  nitro-compound  affording  one  molecule  of  the  azo- 
compound, 

2C6H6.N02  + 4H  = CgH6-N:N.C6H5  + 211,0. 

Azobenzene,  C0H6  • N : N • C0H5,  may  be  described  as  a 
typical  example  of  this  class  of  compounds.  It  is  prepared 
by  agitating  nitrobenzene  with  the  calculated  quantity  of 
stannous  chloride,  dissolved  in  soda,  until  the  odour  of  nitro- 
benzene is  imperceptible.  The  reddish  precipitate  is  collected, 
washed  with  water,  dried,  and  recrystallised  from  light 
petroleum. 

Azobenzene  crystallises  in  brilliant  red  plates,  melts  at  68°, 
and  distils  at  293°;  it  is  readily  soluble  in  ether  and  alcohol, 
but  insoluble  in  water.  Alkaline  reducing  agents,  such  as 
ammonium  sulphide,  zinc-dust  and  soda,  &c.,  convert 
azobenzene  into  lujdrazobenzene,  a colourless,  crystalline  sub- 
stance, which  melts  at  131°, 

C6H6M.C6H5  + 2H  = C0H5-  NH-NH-  C0H5, 

whereas  a mixture  of  zinc-dust  and  acetic  acid  decomposes  it, 
with  formation  of  aniline, 

CoH6.N:N.C0H6  + 4H  = 2C0H5.NH2. 

Other  azo  compounds  behave  in  a similar  manner. 

Ilydrazobenzcne,  C0H5-NH-NHC6HB,  is  readily  converted  into 
azobenzene  by  mild  oxidising  agents  such  as  mercuric  oxide,  and 
slowly  even  when  air  is  passed  through  its  alcoholic  solution. 
When  treated  with  strong  acids,  it  undergoes  a very  remarkable 
intramolecular  change,  and  is  converted  into  jo-diamidodiphenyl  or 
benzidine , a strongly  basic  substance  largely  used  in  the  prepara- 
tion of  azo-dyes  (p.  52G), 

C6 II5  • N II  • N II  • CjHj  = NIT-C.HvCfiHj-NII,. 

Benzidine. 
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Benzidine  may  lie  directly  produced  by  reducing  azobeuzene  with 
tin  and  strong  hydrochloric  acid  ; other  azo-compounds,  such 
as  azo-toluene,  CHS*C6H4-N:N-C6H4*CHS,  behave  in  a similar 
manner,  and  are  readily  converted  into  isomeric  alkyl-derivatives 
of  benzidine,  such  as  dimethylbenzidinc  (tolidine), 


NIW  TT  p IT 


NIL 


CHAPTER  XXV. 

SULPIIONIC  ACIDS  AND  THEIR  DERIVATIVES. 

When  benzene  is  heated  with  concentrated  sulphuric  acid, 
it  gradually  dissolves,  and  benzenes ulphonic  arid  is  formed  by 
the  substitution  of  the  sulphonic  group  -S031I  or  -S02-0I1 
for  an  atom  of  hydrogen, 

CcHc  + H2S04  = C„H6-S08H  + H20. 

The  homologues  of  benzene  and  aromatic  compounds  in 
general  behave  in  a similar  manner,  and  this  property  of 
readily  yielding  sulphonic  derivatives  by  the  displacement  of 
hydrogen  of  the  nucleus  is  one  of  the  important  characteristics 
of  aromatic,  as  distinct  from  fatty,  compounds. 

The  sulphonic  acids  are  not  analogous  to  the  alkylsulphuric 
acids  (part  i.  p.  182),  which  are  ethereal  salts,  but  rather  to 
the  carboxylic  acids,  since  they  may  be  regarded  as  derived 
from  sulphuric  acid,  S02(0H)2,  just  as  the  carboxylic  acids 
are  derived  from  carbonic  acid,  CO(OH)2,  namely,  by  the 
substitution  of  an  aromatic  radicle  for  one  of  the  hydroxyl- 
groups. 

Sulphuric  acid,  S02<Cq^  Carbonic  acid,  CO<C||j[ 

Ja> 

Sulphonic  acid,  S02<^qjj  Carboxylic  acid,  CO<C,  ^r 

Preparation. — Sulphonic  acids  are  prepared  by  treating  an 
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aromatic  compound  with  sulphuric  acid,  or  with  anhydrosul- 
plnuic  acid, 

c0h6.ch3  + h2so4  = cgh4<^3h  + h2o 

C6H6.NH2  + H2S04  = + H20 

C0H6  + 2H2S04  = CA<f°-g  + 2H20. 

The  number  of  hydrogen  atoms  displaced  by  sulplionic 
groups  depends  (as  in  the  case  of  nitro-groups)  on  the  tem- 
perature, on  the  concentration  of  the  acid,  and  on  the  nature 
of  the  substance  undergoing  suljphoiiation. 

The  substance  to  be  sulphonated  is  mixed  with,  or  dissolved  in, 
excess  of  the  acid,  and,  if  necessary,  the  mixture  or  solution  is  then 
heated  on  a water-  or  sand-bath  until  the  desired  change  is 
complete.  After  cooling,  the  product  is  carefully  treated  with 
water,  and  the  acid  isolated  as  described  later  (p.  382).  In  the  case  of 
substances  which  are  insoluble  in  water  or  dilute  sulphuric  acid,  the 
point  at  which  the  whole  is  converted  into  a monosul phonic  acid  is 
easily  ascertained  by  taking  out  a small  portion  of  the  mixture  and 
adding  water  ; unless  the  whole  is  soluble,  unchanged  substance  is 
still  present. 

Sometimes  chlorosulphonic  acid,  Cl-SO:lTI,  is  employed  in  sul- 
phonating  substances,  and,  in  such  cases,  chloroform  or  carbon 
bisulphide  may  be  used  as  a solvent  to  moderate  the  action, 

C0H6  + CI-S03H  = C6H3-S03H  + HC1. 

Properties. — Sulplionic  acids  are,  as  a rule,  colourless, 
crystalline  compounds,  readily  soluble  in  water,  and  often 
very  hygroscopic ; they  have  seldom  a definite  melting-point, 
and  gradually  decompose  when  heated,  without  volatilising,  for 
which  reason  they  cannot  be  distilled.  They  have  a sour 
taste,  a strongly  acid  reaction,  turn  blue  litmus  red,  and  show, 
in  fact,  all  the  properties  of  powerful  acids,  their  basicity 
depending  on  the  number  of  sulplionic  groups  which  they 
contain.  They  decompose  carbonates,  and  dissolve  certain 
metals  with  evolution  of  hydrogen  ; their  salts,  as  a rule,  are 
readily  soluble  in  water. 

Although,  generally  speaking,  the  sulplionic  acids  are  very 
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stable,  and  arc  not  decomposed  by  boiling  aqueous  alkalies  or 
mineral  acids,  they  undergo  certain  changes  of  great  import- 
ance. When  fused  with  potasli  they  yield  phenols  (p.  387), 
and  when  strongly  heated  with  potassium  cyanide,  or  with 
potassium  ferrocyanide,  they  are  converted  into  cyanides  (or 
nitriles,  p.  421),  which  pass  off  in  vapour,  leaving  a residue 
of  potassium  sulphite, 

C0H5-SO3K  + IvCrST  = CeIi0-CN  + Jv2S03. 

. The  sulphonic  group  may  also  be  displaced  by  hydrogen. 
This  may  be  done  by  strongly  heating  the  acids  alone,  or 
with  hydrochloric  acid  in  sealed  tubes,  or  by  passing  super- 
heated steam  into  the  acids,  or  into  their  solution  in  concen- 
trated sulphuric  acid. 

Sulphonic  acids  yield  numerous  derivatives,  which  may 
generally  be  jirepared  by  methods  similar  to  those  used  in  the 
case  of  the  corresponding  derivatives  of  carboxylic  acids. 
When,  for  example,  a sulphonic  acid  (or  its  alkali  salt)  is 
treated  with  phosphorus  pentacldoride,  the  hydroxyl-group  is 
displaced  by  chlorine,  and  a sulphonic  chloride  is  obtained, 

C6H5-S02-0H  + PC15  = C6H5-S02C1  + POCl3  + ITCl. 

All  sulphonic  acids  behave  in  this  way,  and  their  sulphonic 
chlorides  are  of  great  value,  not  only  because  they  are  often 
useful  in  isolating  and  identifying  the  ill-characterised  acids, 
but  also  because,  like  the  chlorides  of  the  carboxylic  acids, 
they  interact  readily  with  many  other  compounds. 

The  sulphonic  chlorides  are  decomposed  by  water  and  by 
alkalies,  giving  the  sulphonic  acids  or  their  salts  ; they 
interact  with  alcohols,  yielding  ethereal  salts,  such  as  ethyl 
benzenesidphnnate, 

c0h5-so2ci  + cyr.-on  = c0h6-so2-oc2h5  + hci, 

and  when  shaken  with  concentrated  ammonia  they  are  usually 
converted  into  well-defined  crystalline  sulphonaniides,  which 
also  serve  for  the  identification  of  the  acids, 

C6H5-S02C1  + nh3  = C(iHs.S02-NH2  + HCI. 

Hcnzenesulphonic  Chloride.  Benzenesulphonamide. 
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The  Isolation  of  sulphonic  acids  is  very  often  a matter  of  some 
difficulty,  because,  like  the  sugars,  they  are  readily  soluble  in 
water  and  non-volatile,  and  cannot  be  extracted  from  their  aqueous 
solutions  by  shaking  with  ether,  &c.,  or  separated  from  other 
substances  by  steam  distillation.  The  first  step  usually  consists 
in  separating  them  from  the  excess  of  sulphuric  acid  employed  in 
their  preparation ; this  may  be  done  in  the  following  manner: 
The  aqueous  solution  of  the  product  of  sulphonation  (see  above)  is 
boiled  with  excess  of  barium  (or  calcium)  carbonate,  filtered  from 
the  precipitated  barium  (or  calcium)  sulphate,  and  the  filtrate — 
which  contains  the  barium  (or  calcium)  salt  of  the  sulphonic  acid — 
treated  with  sulphuric  acid  drop  by  drop  as  long  as  a precipitate  is 
produced  ; after  again  filtering,  an  aqueous  solution  of  the  sulphonic 
acid  is  obtained,  and  on  evaporating  to  dryness,  the  acid  remains 
as  a syrup  or  in  a crystalline  form.  If  calcium  carbonate  has  been 
used,  the  acid  will  contain  a little  calcium  sulphate,  which  may 
be  got  rid  of  by  adding  a little  alcohol,  filtering,  and  again 
evaporating. 

Lead  carbonate  is  sometimes  employed  instead  of  barium  or 
calcium  carbonate ; in  such  cases,  the  filtrate  from  the  load  sul- 
phate is  treated  with  hydrogen  sulphide,  filtered  from  lead  sulphide, 
and  then  evaporated.  These  methods  are,  of  course,  only  applic- 
able provided  that  the  barium,  calcium,  or  lead  salt  of  the  acid  is 
soluble  in  water ; in  other  cases  the  separation  is  much  more 
troublesome. 

When  two  or  more  sulphonic  acids  are  present  in  the  product, 
they  are  usually  separated  by  fractional  crystallisation  of  their 
salts,  after  first  getting  rid  of  the  sulphuric  acid  as  just  described  ; 
the  alkali  salts  are  easily  prepared  from  the  barium,  calcium,  or 
lead  salts  by  treating  the  solution  of  the  latter  with  the  alkali 
carbonate  as  long  as  a precipitate  is  produced,  filtering  from  the 
insoluble  carbonate,  and  then  evaporating. 

Sometimes  a complete  separation  cannot  lie  accomplished  with 
the  aid  of  any  of  the  salts,  or  the  salts  and  the  acids  themselves 
are  so  badly  characterised  that  it  is  difficult  to  make  sure  of  their 
purity ; in  such  cases  the  sulphonic  chlorides  are  prepared  by 
treating  the  alkali  salts  with  phosphorus  pentachloride ; these 
compounds  are  soluble  in  ether,  chloroform,  &c.,  and  generally 
crystallise  well,  so  that  they  are  easily  separated  and  obtained  in 
a state  of  purity. 

Benzenesulphonic  acid,  CcH5-S08H,  is  prepared  by  gently 
boiling  a mixture  of  equal  volumes  of  benzene  and  con- 
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centrated  sulphuric  acid  for  twenty  to  thirty  hours,  using 
a reflux  condenser;  it  is  isolated  with  the  aid  of  its  barium 
or  lead  salt,  both  of  which  are  soluble  in  water.  It 
crystallises  with  1^  mols.  H20  in  colourless,  hygroscopic 
plates,  and  dissolves  freely  in  alcohol ; when  fused  with 
potash,  it  yields  phenol  (p.  391).  Benzenesulphonic  chloride, 
CtiH5-SO.,Cl,  is  an  oil,  but  the  salphonamide,  C0H5-SO2>NH2, 
is  crystalline,  and  melts  at  149°. 

Benzene-??/ -disulphonic  acid,  CBH4(S03H)2,  is  also  pre- 
pared by  heating  the  hydrocarbon  with  concentrated  sulphuric 
acid,  but  a larger  proportion  (two  volumes)  of  the  acid  is 
employed,  and  the  solution  is  heated  more  strongly  (or 
anhydrosulphuric  acid  is  used) ; it  may  be  isolated  by  means 
of  its  barium  salt,  and  thus  obtained  in  crystals  containing 
2i  mols.  H20,  but  it  is  very  hygroscopic.  When  fused  with 
potash,  it  yields  resorcinol  (p.  398). 

Benzen e-o-disulph onic  acid  and  the  corresponding  p- com- 
pound are  of  little  importance. 

The  three  ( o.m.p .)  toluenesnlphomc  adds,  CBH4(CH3)-SO.tII, 
are  crystalline,  and  their  barium  salts  are  soluble  in  water ; 
only  the  o-  and  j>acids  are  formed  when  toluene  is  dissolved 
in  anhydrosulphuric  acid. 

Sulphanilic  acid,  am idobenzene-j>sul phonic  acid,  or  aniline- 
yKsulphonio  acid,  C6H4(NH.2)-S03II,  is  easily  prepared  by 
heating  aniline  sulphate  at  about  200°  for  some  time. 

Aniline  is  slowly  added  to  a slight  excess  of  the  theoretical 
quantity  of  sulphuric  acid  contained  in  a porcelain  dish,  the 
mixture  being  constantly  stirred  as  it  becomes  solid ; the  dish  is 
then  gently  heated  on  a sand-bath,  the  contents  being  stirred,  and 
care  being  taken  to  prevent  charring.  The  process  is  at  an  end 
as  soon  as  a small  portion  of  the  product,  dissolved  in  water,  gives 
no  oily  precipitate  of  aniline  on  adding  excess  of  soda.  After 
cooling,  a little  water  is  added,  the  sparingly  soluble  sulphonic 
acid  separated  by  filtration,  and  purified  by  recrystallisation  from 
boiling  water,  with  addition  of  animal  charcoal  (see  foot-note,  p.  393). 

Sulphanilic  acid  crystallises  with  2 mols.  II., f),  and  is 
readily  soluble  in  hot,  but  only  sparingly  in  cold,  water. 
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It  forms  salts  with  bases,  but  it  does  not  combine  with 
acids,  the  basic  character  of  the  amido-group  being  neutral- 
ised by  the  acid  character  of  the  sulphonic  group ; in  this 
respect,  therefore,  it  differs  from  glycine  (part  i.  p.  292), 
which  forms  salts  both  with  acids  and  bases. 

When  sulphanilic  acid  is  dissolved  in  dilute  soda,  the 
solution  mixed  with  a slight  excess  of  sodium  nitrite,  and 
poured  into  well-cooled,  dilute  sulphuric  acid,  diazobenzena- 
sulphonic  acid  is  formed, 


C It  <''^■^•2 
uou4\soaH 

this  compound, 


+ HO.NO  - + H,0 ; 

however,  immediately  loses  water,  and  is 


converted  into  its  anhydride,*  C0H4<^gQ  which  separ- 
ates from  the  solution  in  colourless  crystals. 

Diazobenzencsulphonic  acid,  or  rather  its  anhydride,  shows 
the  characteristic  properties  of  diazo-compounds  in  general ; 
when  boiled  with  water,  it  is  converted  into  phenol-y>sul- 
phonic  acid  (p.  395), 


c«H*<s<v>  + H‘2°  - c,h4<°hh  + N.;, 

whereas,  when  heated  with  concentrated  hydrochloric  or 
hydrobromic  acid,  it  gives  chlorobenzene-  or  bromobenzene-p- 
sulphonic  acid,t 


C,H4 


HC1  = 0„H4<«  h + 


No 


Ami dobenzenc-o-std phonic  acid  and  the  m -acid  ( mctanilic  acid) 
may  he  obtained  by  reducing  the  corresponding  nitrobenzene- 
sulphonic  acids,  C6H.1(NO.J)-SO;1H,  both  of  which  are  formed,  to- 
gether with  the  jo-acid,  on  nitrating  benzenesnlphonic  acid  ; they 


* The  existence  of  this  anhydride  (and  of  that  of  amidobenzene-m- 
sulphonic  acid),  is  a very  interesting  fact,  because,  as  a rule,  anhydride 
formation  takes  place  only  between  groups  in  the  o-position  to  one 
another  (compare  p.  424). 

t Many  other  diazo-compounds  which,  like  diazobenzencsulphonic  acid, 
contain  some  acid  group,  are  decomposed  by  halogen  acids  in  a similar 


manner. 
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resemble  sulplianilic  acid  in  properties,  and  are  readily  converted 
into  the  anhydrides  of  the  corresponding  diazobenzenesnl phonic 
acids. 

Many  other  sulplionie  acids  are  doscribed  later. 


CHAPTER  XX Y I. 

PHENOLS. 

The  hydroxy-compounds  of  the  aromatic  series,  such  as 
phenol  or  hydroxy-benzene,  C6H5OII,  the  isomeric  hydroxy- 
toluenes,  C6H4(CH„)'OH,  and  benzyl  alcohol,  C8H5-CH2-OH, 
are  theoretically  derived  from  the  aromatic  hydrocarbons  by 
the  substitution  of  hydroxyl-groups  for  atoms  of  hydrogen, 
just  as  the  fatty  alcohols  are  derived  from  the  paraffins.  It 
will  be  seen,  however,  from  the  examples  just  given  that 
whereas,  in  benzene,  hydrogen  atoms  of  the  nucleus  must 
necessarily  be  displaced,  in  the  case  of  toluene  and  all  the 
higher  homologues  this  is  not  so,  since  the  hydroxyl-groups 
may  displace  hydrogen  either  of  the  nucleus  or  of  the  side- 
chain.  Now  the  hydroxy-derivatives  of  benzene,  and  all 
those  aromatic  hydroxy-compounds,  formed  by  the  substitu- 
tion of  hydroxyl-groups  for  hydrogen  atoms  of  the  nucleus, 
differ  in  many  respects  not  only  from  the  fatty  alcohols,  but 
also  from  those  aromatic  compounds  which  contain  the 
hydroxyl-group  in  the  side-chain ; it  is  convenient,  therefore, 
to  make  some  distinction  between  the  two  kinds  of  aromatic 
hydroxy-compounds,  and  for  this  reason  they  are  classed  in 
two  groups,  (a)  the  phenols,  and  (&)  the  aromatic  alcohols 
(p.  402). 

The  phenols,  then,  are  hydroxy-compounds  in  which  the 
hydroxyl-groups  are  united  directly  with  carbon  of  the 
nucleus;  they  may  be  subdivided  into  monohydric,  dihydric, 
trihydric  phenols,  Sic.,  according  to  the  number  of  hydroxyl- 
groups  which  they  contain.  Phenol,  or  carbolic  acid, 
C6H6.OH,  for  example,  is  a monohydric  phenol,  as  are  also 
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the  three  isomeric  cresols  or  hydroxy  toluenes,  C,.H4(Cira)-OH; 
the  three  isomeric  dihydroxybenzenes,  C\jII4(OH).,,  on  tlie 
other  hand,  are  dihydric  phenols,  whereas  phloroglucinol, 
C6H3(OH)3,  is  an  example  of  a trihydric  compound. 

Many  of  the  phenols  are  easily  obtainable,  well-known 
compounds ; carbolic  acid,  for  instance,  is  prepared  from 
coal-tar  in  largo  quantities;  carvacrol  and  thymol  occur  in 
various  plants,  and  catechol,  pyrogallol,  &c.,  may  be  obtained 
by  the  dry  distillation  of  certain  vegetable  products. 

Preparation. — Phenols  may  be  prepared  by  treating  salts 
of  amido-compounds  with  nitrous  acid  in  aqueous  solution, 
and  then  heating  until  nitrogen  ceases  to  be  evolved, 

C0H5-NH2,HC1  + IIO-NO  = CtiH5-OH  + N2  + H,0  + HC1 

Con4<5lf  , 1IC1  + H°-X0  = Cr,n4<oK  + Na  + H20  + IiCl. 

It  is  possible,  therefore,  to  prepare  phenols,  not  only  from 
the  amido-compounds  themselves,  but  also  indirectly  from 
the  corresponding  nitro-derivatives  and  from  the  hydro- 
carbons, since  these  substances  may  be  converted  into  amido- 
compounds, 

Benzone.  Nitrobenzene.  Amklobenzene.  Phenol. 

C0H0  C0H5.NO2  C6Hfi.NH2  CJI.-OII. 

'i'lic  conversion  of  an  amido-compound  into  a phenol  really 
takes  place  in  two  stages,  as  already  explained  (p.  370);  at 
ordinary  temperatures  the  salt  of  the  amido-compound  is 
transformed  into  a salt  of  a diazo-compound,  but  on  heating 
its  aqueous  solution,  the  latter  decomposes,  yielding  a phenol, 

C0H5-NII2,  HC1  + HC1  + KNO,  = C„H,-N:NC1  + IvCl  + II., 0 
CeH6-N:NCl  + II20  = C„H6-OH  + IICl  + Nr 

The  amitlo-compound,  aniline,  for  example,  is  dissolved  in 
moderately  dilute  hydrochloric  acid  (2  mols.),  or  sulphuric  acid 
(1  mol.),  the  solution  is  cooled  in  ice  or  water,  and  an  aqueous 
solution  of  sodium  nitrite  (1  mol.)  is  slowly  added,  stirring  con- 
stantly. The  mixture  is  then  gradually  heated  to  boiling  on  a 
reflux  condenser,  until  the  evolution  of  nitrogen  (which  at  first 
causes  brisk  effervescence)  is  at  an  end,  and  the  diazo-salt  is  coin- 
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pletely  decomposed ; the  phenol  is  afterwards  separated  from  the 
tarry  matter,  which  is  almost  invariably  produced,  either  by  dis- 
tillation in  steam,  by  crystallisation  from  hot  water,  or  by  extrac- 
tion with  ether ; in  the  last  case  the  ethereal  solution  is  usually 
shaken  with  soda,  which  dissolves  out  the  phenol,  leaving  most  of 
the  impurities  in  the  ether. 


Dihydric  phenols  may  sometimes  be  prepared  from  the 
corresponding  di-substitution  products  of  the  hydrocarbon,  as 
indicated  by  the  following  series  of  changes  : 


Benzene.  Dinitrobenzene.  Dianiidobenzene.  Diazo-salt.  Dihydric  Phenol, 
r ff  P H P Tf  </NH.2  ,,  ,,  /N2C1  p tt  /(III 

b'>li‘\jSTH2  u«M4<^N2C1 

They  may  also  be  obtained  from  the  monohydric  compounds 
in  the  following  manner  : 


Phenol.  Nitroplienol. 

CA-01I  csh,</ 


Amidophenol.  Diazo-salt.  Dihydric  PlienoL 


c«h*<£h4  c,ih< 


N„G1 

OH 


c6h 


^OH 

^011 


These  two  methods,  however,  are  limited  in  their  application, 
because  o-  and  m-diamido-com pounds  cannot  always  be  con- 
verted into  the  corresponding  diazo-salts,  but  more  often  yield 
products  of  quite  a different  nature;  o-  and  j>amido-hydroxy- 
compounds  also  show  an  abnormal  behaviour  with  nitrous 
acid,  the  former  not  being  acted  on  at  all,  the  latter  only 
with  difficulty.  For  these  reasons  dihydric  phenols  are 
usually  most  conveniently  prepared  by  the  methods  given 
later. 

Another  important  general  method  of  preparing  phenols 
consists  in  fusing  sulphonic  acids  or  their  salts  with  potash 
or  soda ; in  this  case,  also,  their  preparation  from  the  hydro- 
carbons is  often  easily  accomplished,  since  the  latter  are 
usually  converted  into  sulphonic  acids  without  difficulty, 


C.HySfXK 


c8h4 


/CH.j 

'SO:jNa 


+ KOH  = Cjr-OH*  + K2S03 
+ NaOH  - C0H4<^3  + Na2SOs. 


The  sulphonic  aciil  or  its  alkali  salt  is  placed  in  an  iron,  or,  better, 
* In  all  cases  tlic  phenols  are  present  in  the  product  as  alkali  salts. 
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nickel  or  silver  dish,*  together  with  excess  of  solid  potash  (or  soda), 
and  a little  water,  and  the  dish  is  heated  over  a free  flame,  the 
mixture  being  constantly  stirred  with  a nickel  or  silver  spatula,  or 
with  a thermometer,  the  hull)  of  which  is  encased  in  a glass  tube', 
or  covered  with  silver  by  electro-deposition  ; after  the  potash  and 
the  salt  have  dissolved,  the  temperature  is  slowly  raised,  during 
which  process  the  mixture  usually  undergoes  a variety  of  changes 
in  colour,  by  which  an  experienced  operator  can  tell  when  the 
decomposition  of  the  sulphonic  acid  is  complete ; as  a rule,  a 
temperature  considerably  above  200°  is  required,  so  that  simply 
boiling  the  sulphonic  acid  with  concentrated  potash  does  not  bring 
about  the  desired  change.  When  the  operation  is  finished,  the 
fused  mass  is  allowed  to  cool,  dissolved  in  water,  the  solution 
acidified  with  dilute  sulphuric  acid,  and  the  liberated  phenol  ex- 
tracted with  ether,  or  isolated  in  some  other  manner. 

Dihydric  phenols  may  often  be  obtained  in  a similar  manner 
from  the  disulphonic  acids, 

CuH4(S03K)2  + 2KOH  = C6H4(OH)2  + 2K2S03. 

Owing  to  the  high  temperature  at  which  these  reactions  must 
be  carried  out,  secondary  changes  very  often  occur.  When 
the  sulphonic  acid  contains  halogen  atoms,  the  latter  are 
usually  displaced  by  hydroxyl-groups,  especially  if  other  acid 
radicles,  such  as  -N02,  or  -S03H,  are  also  present;  when, 
for  example,  chlorobenzenesulphonic  acid,  C3H4C1-S03H,  is 
fused  with  potash,  a dihydric  phenol,  C0H4(OH)2,  is  produced, 
the  halogen  as  well  as  the  sulphonic  group  beiug  eliminated. 
For  this  reason  also,  compounds  such  as  o-  and  yv-chloro- 
nitrobenzene  may  be  converted  into  the  corresponding  nitro- 
phenols  (p.  392),  even  by  boiling  them  with  concentrated 
potash,  the  presence  of  the  nitro-group  facilitating  the  dis- 
placement of  the  halogen  atom ; ??t-chloronitrobenzene,  on 
the  other  hand,  is  not  acted  on  under  these  conditions.  Some- 
times also  the  process  is  not  one  of  direct  substitution  only 
— that  is  to  say,  the  hydroxyl-groups  in  the  product  are  not 
united  with  the  same  carbon  atoms  as  those  with  which  the 
displaced  atoms  or  groups  were  united ; the  three  (< o.m.p ■) 

* Caustic  alkalies  readily  attack  platinum  and  porcelain  at  liigli  tempera- 
tures, but  have  little  action  on  nickel  and  none  on  silver. 
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hromobenzcnesul  phonic  acids,  for  example,  all  yield  one  and 
the  same  dihydric  phenol — namely,  the  m-compound,  resor- 
cinol, C6H4(OH)2,  because  the  o-  and  ^-dihydric  compounds, 
which  are  first  produced  from  the  corresponding  bromo- 
sulphonic  acids,  are  converted  into  the  more  stable  in-deriva- 
tive by  intramolecular  change. 

There  are  several  other  less  important  methods  by  which  phenols 
may  be  obtained,  as,  for  example,  by  distilling  hydroxy-acids, 
such  as  salicylic  acid,  with  lime, 

c«h4<cooh  = c«h5-°h  + CO,, 

a reaction  which  is  similar  to  that  which  occurs  in  preparing  the 
hydrocarbons  from  the  acids. 

Also  by  heating  other  phenols  with  fatty  alcohols  in  presence  of 
zinc  chloride,  when  the  alkyl-group  displaces  hydrogen  of  the 
nucleus,  just  as  in  the  production  of  toluidine,  &c.,  from  aniline 
(p.  357), 

C6H5-OH  + CoH5-OH  = CaH4<CA  + H,0. 

Properties. — Most  phenols  are  colourless,  crystalline  sub- 
stances, readily  soluble  in  alcohol  and  ether ; their  solubility 
in  water  usually  increases  with  the  number  of  hydroxyl- 
groups  in  the  molecules,  phenol  and  cresol,  for  example, 
being  sparingly  soluble,  whereas  the  three  dihydric  phenols 
and  the  trihydric  compounds  are  readily  soluble.  Conversely, 
their  volatility  diminishes,  so  that  although  phenol  and  cresol 
distil  without  decomposition,  and  are  readily  volatile  in  steam, 
the  trihydric  phenols  usually  undergo  decomposition,  and 
volatilise  very  slowly  in  steam.  Alcoholic  and  aqueous 
solutions  of  phenols  (and  of  their  carboxylic  acids)  give  a 
violet,  blue,  or  green  colouration  with  ferric  salts,  the  particular 
colouration  depending,  in  the  case  of  the  di-  and  poly-liydric 
compounds,  on  the  relative  positions  of  the  hydroxyl-groups. 

o-Dihydroxy-compounds,  for  example,  give  with  ferric 
chloride  a green  colouration,  which  first  becomes  violet 
and  then  bright-red  on  addition  of  sodium  bicarbonate ; 
m-dihydroxy-compounds  give  a deep  violet  colouration  ; 
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p-dihydroxy-compounds  give  a green  colouration,  which  im- 
mediately changes  to  yellow  owing  to  the  formation  of  a 
quinone  (p.  413). 

All  phenols  give  Liebermann’s  reaction;  when  dissolved  in 
concentrated  sulphuric  acid  and  treated  with  a nitroso-com- 
pound  or  a nitrite,  they  yield  coloured  solutions,  which,  after 
diluting  and  adding  excess  of  alkali,  assume  an  intense  blue  or 
green  colour.  This  reaction,  therefore,  affords  a convenient 
test  for  phenols  as  well  as  for  nitroso-compounds  (part  i. 
p.  204). 

Although  phenols  resemble  the  fatty  alcohols  and  the 
alcohols  of  the  aromatic  series  in  some  respects,  they  have, 
on  the  whole,  very  little  in  common  with  these  substances. 
The  reason  of  this  is,  that  the  character  of  the  liydroxyl-group 
(like  that  of  the  amido-group,  p.  359)  is  greatly  modified  by  its 
union  with  carbon  of  the  benzene  nucleus,  just  as  that  of  the 
hydroxyl-group  in  water  is  altered  by  combination  with  acid- 
forming atoms  or  radicles  such  as  C1-,  N02-,  &c.,  as,  for 
example,  in  HOC1  and  HO-NO., ; in  other  words,  the  phenolic 
hydroxyl-group  has  a much  more  pronounced  acid  character 
than  that  in  alcohols,  a fact  which  shows  that  the  radicles 
phenyl,  phenylene,  C0II4<(,  &c.,  arc  acid-forming 

radicles. 

The  acid  character  of  the  hydroxyl-group  in  phenols  is 
shown  in  their  behaviour  with  caustic  alkalies,  in  which  they 
dissolve  freely,  forming  metallic  derivatives  or  salts,  such  as 
sodium  pit enate,  CcHf)-ONa , potassium  c reside,  C6H4(CH3)-OK; 
these  compounds,  unlike  the  alkali  derivatives  of  the  alcohols, 
arc  stable  in  presence  of  water,  but  are  decomposed  by  carbon 
dioxide  and  by  all  other  acids,  with  regeneration  of  the 
phenols.  For  this  reason  phenols  are  insoluble  in  alkali 
carbonates  unless  they  contain  other  acid-forming  groups  or 
atoms,  as,  for  example,  in  nitrophenol,  C6H4(N02)-0H,  and 
picric  acid,  C6H2(N02)3-0H,  when  their  acid  character  is 
often  enhanced  to  such  an  extent  that  they  decompose  alkali 
carbonates. 
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The  metallic  derivatives  of  the  phenols,  like  those  of  the 
alcohols,  interact  with  alkyl  halogen  compounds  and  with  acid 
chlorides,  yielding  substances  analogous  to  the  ethers  and 
ethereal  salts  respectively, 


the  former,  like  the  ethers,  are  not  decomposed  by  boiling 
alkalies,  but  the  latter  readily  undergo  hydrolysis,  just  as  do 
the  ethereal  salts, 


Towards  pentachloride  and  pentabromide  of  phosphorus, 
and  towards  acetic  anhydride  and  acetyl  chloride,  phenols 
behave  in  the  same  way  as  the  alcohols,  as  shown  by  the 
following  equations : 


Heating  with  halogen  acids,  however,  does  not  change  the 
phenols  to  any  appreciable  extent,  because,  being  less  basic  in 
character  than  the  alcohols,  they  do  not  so  readily  form 
salts  with  mineral  acids. 

The  constitution  of  a phenol  being  quite  different  from 
that  of  a primary  or  secondary  alcohol,  the  fact  that  they  do 
not  yield  aldehydes  or  ketones  on  oxidation  was  only  to  bo 
expected ; they  are,  however,  somewhat  similar  in  constitu- 
tion to  the  tertiary  alcohols,  and  like  the  latter,  they  often 
undergo  complex  changes  on  oxidation. 

M on nh ydric  Phenols. 

Phenol,  carbolic  acid,  or  hydroxybenzene,  C(il  f.- 0 1 T , 
occurs  in  very  small  quantities  in  human  urine  and  also  in 


+ KOH  = c6h4<3  + CJUUv. 


'14  OH 


c6h5.oh  + pci6  = c6h5ci  + roci,  + hci 
cch5-oh  + (ciycoj.2o  = c0h5-o-co-ch3  + c,ir4o2. 


392 


PHENOLS. 


that  of  cows ; it  may  be  obtained  from  benzene,  nitrobenzene, 
aniline,  diazobenzene  chloride,  benzenesulphonic  acid,  and 
salicylic  acid  (p.  437)  by  the  methods  already  given,  but  the 
whole  of  the  phenol  of  commerce  is  prepared  from  coal-tar 
(compare  p.  297),  in  which  it  was  discovered  by  Kunge 
in  1834. 

Phenol  crystallises  in  colourless,  deliquescent  prisms,  which 
melt  at  42°  and  turn  pink  on  exposure  to  air  and  light ; it 
boils  at  183°,  and  is  volatile  in  steam.  It  has  a very  character- 
istic smell,  is  highly  poisonous,  and  has  a strong  caustic  action 
on  the  skin,  quickly  causing  blisters.  It  dissolves  freely  in 
most  organic  liquids,  but  is  only  sparingly  soluble  (1  part  in 
about  15)  in  cold  water;  its  aqueous  solution  gives  a violet 
colouration  with  ferric  chloride,  and  a pale-yellow  precipitate 
of  tribromoplienol ,,  C0TIoBr3-OlI,  with  bromine  water ; both 
these  reactions  may  serve  for  the  detection  of  phenol.  Owing 
to  its  poisonous  and  antiseptic  properties,  phenol  is  extensively 
used  as  a disinfectant ; it  is  also  employed  in  large  quantities 
for  the  manufacture  of  picric  acid.  Potassium  phenate, 
C0H.-OK,  is  obtained  when  phenol  is  dissolved  in  potash  and 
the  solution  evaporated ; it  is  a crystalline  substance,  readily 
soluble  in  water,  and  is  decomposed  by  carbon  dioxide  with 
separation  of  phenol. 

Phenyl  methyl  ether,  or  anisole,  CcH50-CH3,  may  be  pre- 
pared by  heating  potassium  phenate  with  methyl  iodide  ; it  is 
a colourless  liquid,  boiling  at  155°,  and  is  similar  to  the  ethers 
of  the  fatty  series  in  chemical  properties,  although  it  also 
shows  the  usual  behaviour  of  aromatic  compounds,  and  readily 
yields  nitro-dcrivativcs,  &c.  When  warmed  with  concen- 
trated hydriodic  acid,  it  yields  phenol  and  methyl  iodide, 

C0H5.O-CH3  + III  = CJVOH  + CII,I. 

Phenyl  ethyl  ether,  or  phenefole,  CflH5-0-CoH5,  can  be 
obtained  in  a similar  manner  ; it  boils  at  172°. 

Nitrophenols,  C3II4(NO.,)-OH,  are  formed  very  readily  on 
treating  phenol  even  with  dilute  nitric  acid,  the  presence  ol 
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the  hydroxyl-group  not  only  facilitating  the  introduction  of 
the  nitro-group,  but  also  determining  the  position  taken  up  by 
the  latter.  When  phenol  is  gradually  added  to  nitric  acid  of 
sp.  gr.  1-11  (6  parts),  the  mixture  being  kept  cold  and  fre- 
quently shaken,  it  is  converted  into  a mixture  of  o-  and  p-nitro- 
phenol,  which  separates  as  a dark-brown  oil  or  resinous  mass  ; 
this  product  is  allowed  to  settle,  washed  with  water  by  de- 
cantation, and  then  submitted  to  distillation  in  steam,  where- 
upon the  ortho-nitroplienol  passes  over  as  a yellow  oil,  which 
crystallises  on  cooling  ; the  oily  residue  in  the  flask  is  mixed 
with  a little  more  water,  the  mixture  heated  to  boiling,  and 
the  hot  solution  filtered  from  tarry  matter,  the  parci-nitro- 
phenol  which  separates  on  cooling  being  purified  by  recrystal- 
lisation from  boiling  water  with  addition  of  animal  charcoal.* 
Meta-nitroplienol  is  prepared  by  reducing  meta-dinitrobenzene 
to  meta-nitranilino  (p.  363),  and  treating  a solution  of  the  latter 
in  excess  of  dilute  sulphuric  acid  with  nitrous  acid ; the 
solution  of  the  diazo-salt  is  then  slowly  heated  to  boiling,  and 
the  meta-nitroplienol  thus  produced  purified  by  recrystallisa- 
tion from  water. 

The  melting-points  of  the  three  compounds  are  : 

Ortho-nitroplienol,  Meta-nitroplienol,  Para-nitroplienol, 

45°.  96°.  114°. 

The  o-  and  the  m-eompounds  are  yellow,  but  the  ^-derivative 
is  colourless  ; only  the  o-compound  is  volatile  in  steam.  The 
three  compounds  are  all  sparingly  soluble  in  cold  water,  but 
dissolve  freely  in  alkalies  and  also  in  alkali  carbonates,  forming 

* Animal  charcoal  is  prepared  by  strongly  heating  blood  or  hones  out  of 
contact  with  air ; it  is  frequently  used  in  the  purification  of  organic  com- 
pounds, as  it  has  the  property  of  absorbing  coloured  impurities  from  solu- 
tions. For  this  purpose  the  dark-coloured,  impure  substance  is  dissolved 
in  water,  ether,  alcohol,  benzene,  or  some  other  solvent,  a small  quantity  of 
animal  charcoal  added,  and  the  mixture  heated  for  some  time  with  reflux 
condenser  (part  i.  p.  180)  ; on  subsequently  filtering,  a colourless  or  a much 
lighter  coloured  solution  is  usually  obtained.  Before  use,  the  charcoal 
should  ho  repeatedly  extracted  with  boiling  hydrochloric  acid,  washed  well, 
dried,  and  heated  strongly  in  a porcelain  crucible  closed  with  a lid. 
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dark-yellow  or  red  salts  which  are  not  decomposed  by 
carbon  dioxide  ; they  have,  therefore,  a more  marked  acid 
character  than  phenol  itself,  the  presence  of  the  nitro-group 
having  an  effect  comparable  to  that  of  the  nitro-group  in  nitric 
acid,  IIO-NO„. 

Picric  acid,  or  trinitrophcnol,  C6H2(X02):l-0H,  is  formed 
when  substances  such  as  wool,  silk,  leather,  and  resins  are 
heated  with  concentrated  nitric  acid,  very  complex  reactions 
taking  place  ; it  may  be  obtained  by  heating  phenol,  or  the  o- 
and  ja-nitrophenols,  with  nitric  acid,  but  the  product  is  not 
very  easily  purified  from  resinous  substances  which  arc  formed 
at  the  same  time.  For  this  reason  picric  acid  is  best  prepared 
by  dissolving  phenol  (1  part)  in  an  equal  weight  of  concen- 
trated sulphuric  acid,  and  adding  this  solution  to  nitric  acid  of 
sp.  gr.  1-4  (3  parts)  in  small  quantities  at  a time;  after  the 
first  energetic  action  has  subsided,  the  mixture  is  carefully 
heated  on  a water-bath  for  about  two  hours.  On  cooling,  the 
product  solidifies  to  a mass  of  crystals,  which  are  collected, 
washed,  and  recrystallised  from  hot  water. 

When  phenol  is  dissolved  in  sulphuric  acid,  it  is  converted  into  a 
mixture  of  n-  and  p-phenolsulphonic  acids,  C„H.J(OH)-SO.jH  (see 
below);  on  subsequent  treatment  with  nitric  acid,  the  snlphonic 
group,  as  well  as  two  atoms  of  hydrogen,  are  displaced  by  nitro- 
groups, 

C«H«<SO,H  + 3H°-n°2=  C0Hs(NOs)3-OH  + II,S04  + 2ILO. 

Picric  acid  is  a yellow  crystalline  compound,  melting  at 
122-5°.  It  is  only  very  sparingly  soluble  in  cold,  but 
moderately  easily  in  hot,  water,  and  its  solutions  dye  silk  and 
wool  (not  cotton,  p.  502)  a beautiful  yellow  colour ; it  is,  in  fact, 
ono  of  the  earliest  known  artificial  organic  dyes.  It  has  very 
marked  acid  properties,  and  readily  decomposes  carbonates. 
The  potassium  derivative,  C0H2(HO,)3-OK,  and  the  sodium 
derivative,  C6H0(lST02),j-ONa,  are  yellow  crystalline  com- 
pounds, the  former  being  sparingly,  the  latter  readily  soluble 
in  cold  water.  These  compounds,  anil  also  the.  ammonium 
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derivative,  explode  violently  on  percussion  or  when  heated, 
and  are  employed  in  the  preparation  of  explosives ; picric 
acid  itself  burns  quietly  when  ignited,  but  can  be  caused  to 
explode  violently  with  a detonator. 

Picric  acid  may  he  produced  by  oxidising  symmetrical  trinitro- 
benzene, CuIIj(NOo):l,  with  potassium  ferricyanide,  the  presence  of 
the  nitro-groups  facilitating  the  substitution  of  hydroxyl  for 
hydrogen ; as,  moreover,  it  is  quite  immaterial  which  of  the  three 
hydrogen  atoms  is  displaced,  since  they  all  occupy  a similar  position 
relatively  to  the  rest  of  the  molecule,  the  constitution  of  picric  acid 
must  be  represented  by  the  formula 


on 


NO, 


or,  for  the  sake  of  convenience,  the  relative  positions  of  the  several 

1 2 4 (> 

groups  may  be  indicated  in  this  way  [OH  : NO, : N02 : Nth] ; it 
would,  of  course,  be  just  the  same  if  the  groups  were  numbered 

[NO, : OH  : NO, : NO,]  or  [NO,  : NO, : (HI  : NO,],  since  the  relative 
positions  are  the  same  in  the  three  cases,  and  it  is  of  no  consequence 
at  which  carbon  atom  the  numbering  commences. 

Picric  acid  has  the  curious  property  of  forming  crystalline  com- 
pounds with  benzene,  naphthalene,  anthracene,  and  many  other 
hydrocarbons,  so  that  it  is  sometimes  used  in  detecting  and  also  in 
purifying  small  quantities  of  the  substances  in  question  ; the  com- 
pound which  it  forms  with  benzene,  for  example,  crystallises  in 
yellow  needles,  is  decomposed  by  water,  and  has  the  composition 
C6H,(NO,)3-OH,  CbH6. 

Phrnol-o-sulphonic  acid , CBH4(0H)-S03H,  is  formed,  to- 
gether with  a comparatively  small  quantity  of  the  p-acid, 
when  a solution  of  phenol  in  concentrated  sulphuric  acid  is 
kept  for  some  time  at  ordinary  temperatures  ; if,  however, 
the  solution  bo  heated  at  100-110°,  the  o-acid,  which  is  the 
primary  product,  is  gradually  converted  into  plienol-ji-sul phonic 
acid. 

rhenol-m-ml phonic  acid  is  prepared  by  carefully  heating 
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benzene-m-disulphonic  acid  with  potasli  at  170-180°;  under 
these  conditions  only  one  of  the  sulphonic  groups  is  displaced, 


c«h*<IS:k + 2koh = c«h4<s?sk 


K2S03 


+ H.,0. 


The  o-acid  is  interesting  on  account  of  the  fact  that  it  is 
converted  into  the  y>acid  when  boiled  with  water,  and  also 
because  it  is  used  as  an  antiseptic  under  the  name  aseptol. 

The  three  (o.?«.jj.)cresols  or  hydroxytoluenes,C6H4(CHs)-OH, 
the  next  homologuos  of  phenol,  occur  in  coal-tar,  but  cannot 
be  conveniently  isolated  from  this  source  owing  to  the 
difficulty  of  separating  them  from  one  another ; they  are 
prepared  from  the  corresponding  toluidines  or  amidotoluenes, 
C6H4(CH3)-NTI2,  by  means  of  the  diazo-reaction,  or  by  fusing 
the  corresponding  toluenesulphonic  acids  with  potash, 

c«h<<so,k  + K0H  = c»h*<oh  + K*so»- 

They  resemble  phenol  in  most  ordinary  properties,  as,  for 
example,  in  being  sparingly  soluble  in  water,  and  in  forming 
potassium  and  sodium  derivatives,  which  are  decomposed 
by  carbon  dioxide ; they  also  yield  alkyl-derivatives,  &c.,  by 
the  displacement  of  the  hydrogen  of  the  hydroxyl-group. 
On  distillation  with  zinc-dust  they  are  all  converted  into 
toluene, 

C6H4<oh3  + Z»  = C6H6-CH3  + ZnO, 


and  they  all  give  a bluish  colouration  with  ferric  chloride. 

One  very  curious  fact  regarding  the  three  cresols  is  that 
they  are  not  oxidised  by  chromic  acid,  although  toluene,  as 
already  stated,  is  slowly  converted  into  benzoic  acid  ; the 
presence  of  the  hydroxyl-group,  therefore,  protects  the  methyl- 
group  from  the  attack  of  acid  oxidising  agents,  and  this  is  true 
also  in  the  case  of  other  phenols  of  similar  constitution.  If, 
however,  the  hydrogen  of  the  hydroxyl-group  be  displaced 
by  an  alkyl,  or  by  an  acid  group  such  as  acetyl,  then 
the  protection  is  withdrawn,  and  the  methyl-group  is 
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converted  into  the  carboxyl-group  in  the  usual  manner ; 
the  metliylcresuls , CeH4(OCH3)-CH8,  for  example,  are  oxidised 
by  chromic  acid,  yielding  the  corresponding  methoxybenzoie 
acids,  C6H4(OCH3)-COOH. 

The  melting  and  boiling  points  of  the  three  cresols  are 
given  below  : 

Ortho-cresol.  Meta-cresol.  Para-cresol. 

M.p.  31°  5°  36° 

15.  p.  188°  201“  198° 

Of  the  higher  monohydric  phenols,  thymol  and  carvacrol 
may  be  mentioned ; these  two  compounds  are  isomeric  mono- 
hydroxy-derivatives of  eymene,  (p.  339),  and 

their  constitutions  are  respectively  represented  by  the  formulae 


ch3  cii3 


I i 

CH(CH3>3  cii(ch3),. 

Thymol.  Carvacrol. 

Thymol  occurs  in  oil  of  thyme,  together  with  eymene;  it 
crystallises  in  large  plates,  melts  at  51-5°,  and  has  a charac- 
teristic smell  like  that  of  thyme.  It  is  only  very  sparingly 
soluble  in  water,  and  does  not  give  a colouration  with  ferric 
chloride ; when  heated  with  phosphoric  anhydride,  it  yields 
propylene  and  vn-cresol, 


C,H,(OH)<“|t=  C6H4(0H)-CH3  + CSHS. 


Carvacrol  occurs  in  the  oil  of  Origanum  liirtum,  and  is 
easily  prepared  by  heating  camphor  with  iodine, 


C10H16O  + I2  - C10H14O  + 2HI; 

it  is  an  oil  boiling  at  237°,  and  its  alcoholic  solution  gives  a 
green  colouration  with  ferric  chloride.  When  heated  with 
phosphoric  anhydride,  it  is  decomposed  into  propylene  and 
o-cresol. 
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Dili  ydric  Phenols. 

The  isomeric  clihydrie  phenols — catechol,  resorcinol,  and 
hydroquinone — are  well-known  compounds  of  considerable 
importance,  and  are  respectively  represented  by  the  formula} 

OH 


-OH 


OH 


OH 

Catechol,  Resorcinol,  Hydroquinone, 

or  or  or 

Ortlio-diliydroxy  benzene.  Meta-dihydroxybenzene.  Para-dihydroxybenzene. 

Catechol,  or  pyrocatechin,  C(JH4(OH)2,  occurs  in  catechu, 
a substance  obtained  in  India  from  Acacia  catechu  and  other 
trees,  and  was  first  obtained  by  the  dry  distillation  of  this 
vegetable  product  ; it  may  be  obtained  by  fusing  phenol-o- 
sul phonic  acid,  CGH4(0H)-S08H,  with  potash,  but  is  most 
conveniently  prepared  by  heating  guaiacol  or  meth ylcatcchol 
(a  colourless  liquid,  boiling  at  200°,  obtained  from  the  tar  of 
beechwood),  with  concentrated  hydriodic  acid, 

+ HI  = C0H4<§“  + CH,!. 

It  is  a colourless,  crystalline  substance,  melting  at  104°,  and 
is  readily  soluble  in  water ; its  aqueous  solution  gives,  with 
ferric  chloride,  a green  colouration,  which,  on  the  addition  of 
sodium  bicarbonate,  changes  first  to  violet  and  then  to  red,  a 
reaction  which  is  common  to  all  oi'f/io-dihydric  phenols  (p.  389). 
Guaiacol  shows  a similar  behaviour  with  ferric  chloride,  but 
when  the  hydrogen  atoms  of  both  the  hydroxyl-groups  are 
displaced,  as,  for  example,  in  dimethylcatechol  or  veratrol, 
C0H4(OCHh)2,  there  is  no  colouration. 

Resorcinol,  C0H4(OII)2,  is  prepared  on  a large  scale  by 
fusing  benzene-m-disul  phonic  acid  with  potash, 

C»H*<SO^K  + 2K0H  - C„H,<™  + 2KsS03, 
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but  it  is  also  obtained  when  the  para-disul phonic  acid,  and 
many  other  ortho-  and  para-derivatives  of  benzene  are  treated 
in  the  same  way,  owing  to  intramolecular  change  taking  place 
(compare  p.  388).  It  is  a crystalline  substance,  melting  at 
110°,  and  dissolves  freely  in  water,  alcohol,  and  ether;  its 
aqueous  solution  gives  a dark-violet  colouration,  with  ferric 
chloride  and  a crystalline  precipitate  of  Iribromoresorcinol , 
CeHBr,,(OH).„  with  bromine  water.  When  resorcinol  is 
strongly  heated  for  a few  minutes  with  phthalie  anhydride 
(p.  426),  or  with  the  anhydride  of  some  other  dicarboxylic 
acid  (succinic  anhydride,  for  example),  and  the  yellowish-red 
mass  then  dissolved  in  dilute  soda,  a yellowish-brown  solution, 
which  shows  a beautiful  green  fluorescence,  is  obtained;  this 
phenomenon  is  due  to  the  formation  of  a fluorescein  (p.  520). 
Other  ?«-dihydric  phenols  give  this  fiuoresc&in  reaction,  which, 
therefore,  affords  a convenient  and ‘very  delicate  test  for  such 
compounds  ; the  fluorescein  reaction  may  also  be  employed  as 
a test  for  anhydrides  of  dicarboxylic  acids. 

Resorcinol  is  used  in  large  quantities  in  preparing  fluorescein, 
eosin,  and  azo-dyes. 

Hydroquinone,  or  quinol,  CeH4(OII)2,  is  formed,  together 
with  glucose,  when  the  glucoside,  arbutin — a substance  which 
occurs  in  the  leaves  of  the  bear-berry — is  boiled  with  water, 

Ci,H10O7  + HaO  = CcH4(OH)2  + C0HlsOfl. 

It  is  usually  prepared  by  reducing  quinone  (p.  413)  with 
sulphurous  acid  in  aqueous  solution,  and  then  extracting  with 
ether, 

C„H402  + H2S03  + H20  = C6H4(OH)2  + H2S04. 

It  melts  at  169°,  is  readily  soluble  in  water,  and  when  treated 
with  ferric  chloride  or  other  mild  oxidising  agents,  it  is  con- 
verted into  quinone, 

C0H4(OH)2  + 0 = C0H4O2  + 11,0. 

T rihydnc  Pit  enols. 

The  three  trihydric  phenols,  CaH3(OH)3>  which  should 
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exist  iii  accordance  with  theory,  are  all  known,  and  are  re- 
spectively represented  by  the  following  formulae: 


I 

on 


Pyrogallol,  Phloroglucinol,  llydroxyhytlroquiiione, 

1 :2:S-Trihydroxy  benzene.  1 : 3: 5-Trihydroxy  benzene.  1 :2:4-Trihydroxybenzene. 

Pyrogallol,  C0T Ia (O II) ;J,  sometimes  called  pyrogallic  acid,  is 
prepared  by  heating  gallic  acid  (p.  439)  alone  or  with  glycerol, 
at  about  210°,  until  the  evolution  of  carbon  dioxide  ceases, 

C(5H2(OH)3.COOH  = C0H3(OH)3  + co2. 

It  is  a colourless,  crystalline  substance,  melting  at  115°, 
and  is  readily  soluble  in  water,  but  more  sparingly  in 
alcohol  and  ether  (the  effect  of  hydroxyl-groups) ; its  aqueous 
solution  gives,  with  ferric  chloride,  a red,  and  with  ferrous 
sulphate  containing  a trace  of  ferric  chloride,  a deep,  dark- 
blue  colouration.  It  dissolves  freely  in  alkalies,  giving 
solutions  which  rapidly  absorb  oxygen  and  turn  black  on 
exposure  to  the  air,  a fact  which  is  made  use  of  in  gas 
analysis  for  the  estimation  of  oxygen.  Pyrogallol  has  power- 
ful reducing  properties,  and  precipitates  gold,  silver,  and 
mercury  from  solutions  of  their  salts,  being  itself  oxidised 
to  oxalic  and  acetic  acids ; many  other  phenols,  such  as 
catechol,  resorcinol,  and  hydroquinone,  show  a similar 
behaviour,  especially  in  alkaline  solution,  but  the  monohydric- 
compounds  are  much  less  readily  oxidised,  and  consequently 
do  not  exhibit  reducing  properties.  Pyrogallol  and  hydro- 
quinone are  used  in  photography  as  developers. 

Like  glycerol  and  other  trihydric-compounds,  pyrogallol 
forms  mono-,  di-,  and  tri-alkyl-derivatives,  such  as 

C„H3(OH)2.OC2H6,  C,ir:1(OII)(OC,ir,),,  and  C0H3(OC,H5)3; 
the  dimethyl- derivative,  C0Ha(OCH3)2-OH,  occurs  in  beech- 
wood  tar. 
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Phloroglucinol,  or  symmetrical  trihydroxybenzene, 
C’^H .,(011)3,  is  produced  when  phenol,  resorcinol,  and  many 
resinous  substances,  such  as  gamboge,  dragon’s-blood,  &c.,  are 
fused  with  potash. 

It  is  best  prepared  by  fusing  resorcinol  (1  part)  with  soda  (6 
parts)  for  about  twenty-five  minutes,  or  until  the  vigorous  evolu- 
tion of  hydrogen  lias  ceased  ; the  chocolate-coloured  melt  is  dis- 
solved in  water,  acidified  with  sulphuric  acid,  extracted  with 
ether,  the  ethereal  extract  evaporated,  and  the  residue  recrystal- 
.lised  from  water. 

It  crystallises  in  colourless  prisms,  melts  at  about  218°,  and 
is  very  soluble  in  water ; the  solution,  which  has  a sweet 
taste,  gives,  with  ferric  chloride,  a bluish-violet  colouration, 
and  when  mixed  with  potash,  it  rapidly  turns  brown  in  con- 
tact with  air  owing  to  absorption  of  oxygen.  When  digested 
with  acetyl  chloride,  phloroglucinol  yields  a triacetate, 
CaH8(C,H80,)8  melting  at  106°,  and  in  many  other  reactions 
it  shows  properties  in  harmony  with  the  formula 


11 

On  the  other  hand,  when  treated  with  liydroxylamine,  it  gives 
a trioxime,  C6H0(N- OIi)3,  and  in  this  and  other  respects  it 
behaves  as  though  it  were  a triketone  of  the  constitution 

o 


Ho 

Possibly,  therefore,  phloroglucinol  is  capable  of  existing  in 
two  forms,  which  are  convertible,  the  one  into  the  other,  by 
intramolecular  change  (part  i.  p.  195). 

Hydroxyhydroquinone,  or  trihydroxybenzene,  (1:2:4),  is  formed 
when  hydroquinone  is  fused  with  potash.  It  melts  at  140°,  and  is 
very  soluble  in  water,  but  its  aqueous  solution  is  coloured  greenish- 
brown  by  ferric  chloride,  but  on  the  addition  of  sodium  carbonate  the 
colour  changes  to  blue  and  then  to  red  (p.  389). 

Z 
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CHAPTER  XXVII. 

AROMATIC  ALCOHOLS,  ALDEHYDES,  KETONES,  AND  QUINONES. 

Alcohols. 

The  aromatic  alcohols  are  derived  from  the  hydrocarbons  by 
substituting  hydroxy-groups  for  hydrogen  atoms  of  the  side- 
chain;  benzyl  alcohol,  CflH5-CH.2-OH,  for  example,  is  derived 
from  toluene,  tolyl  alcohol,  C0H4(CH.j)-CH.,-OH,  from  xylene, 
and  so  on.  The  compounds  of  this  kind  have  not  been  very 
fully  investigated,  but  from  what  is  known  of  their  properties, 
it  is  clear  that  they  are  very  closely  related  to  the  alcohols  of 
the  fatty  series,  although,  of  course,  they  show  at  the  same 
time  the  general  behaviour  of  aromatic  substances. 

They  may  be  prepared  by  methods  exactly  analogous  to 
those  employed  in  the  case  of  the  fatty  alcohols — namely,  by 
heating  the  corresponding  halogen  derivatives  with  water, 
weak  alkalies,  or  silver  hydroxide, 

CflHjs-GHjCl  + HjO  - CtiH5.CH,.OII  + HC1, 
and  by  reducing  the  corresponding  aldehydes  and  ketones, 
C6H6.CH2.CHO  + 2H  = C6IT5-  CH2-CH2  • OH 
CcH5.Cd-CH3  + 2H  = C0H6.CK(OH).CH3. 

Those  compounds  which,  like  benzyl  alcohol,  contain  the 
carbinol  group,  -CH.yOH,  directly  united  with  the  benzene 
nucleus,  may  also  be  prepared  by  treating  the  corresponding 
aldehydes  with  potash  (compare  p.  408), 

2C„H6-CHO  + H,0  - C0H6.CH2.OH  + C0H5-COOH. 

The  aromatic  alcohols  are  usually  colourless  liquids  or 
solids,  sparingly  soluble  in  water ; their  behaviour  with  alkali 
metals,  phosphorus  pentachloride,  and  acids,  is  similar  to  that 
of  the  fatty  compounds,  as  will  be  seen  from  a consideration 
of  the  properties  of  benzyl  alcohol,  one  of  the  few  well-known 
aromatic  alcohols. 
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Benzyl  alcohol,  phenylcarbinol,  or  hydroxyfcolucno, 
C(jH3-CH2-OH,  an  isomeride  of  the  three  cresols  (p.  396), 
occurs  in  storax  (a  resin  obtained  from  the  tree  Styrax 
officinalis),  and  also  in  balsam  of  Peru  and  balsam  of  Tolu, 
either  in  the  free  state  or  as  ethereal  salts  in  combination 
with  cinnamic  and  benzoic  acids. 

It  may  be  obtained  by  reducing  benzaldehyde  (p.  405)  with 
sodium  amalgam, 

C0H5-CHO  + 2H  = C0H6-CH2-OH, 

and  by  boiling  benzyl  chloride  with  a solution  of  sodium 
carbonate, 

C6H5.CH2C1  + 11,0  = C0H5-CH2-OH  + HC1; 

but  it  is  most  conveniently  prepared  by  treating  benzaldehyde 
with  cold  potash, 

2C6H5-CHO  + H.,0  = C0H3-CH2.()H  + C0H5-COOII. 

The  aldehyde  (10  parts)  is  shaken  with  a solution  of  potash  (9 
parts)  in  water  (10  parts)  until  the  whole  forms  an  emulsion,  which 
is  then  allowed  to  stand  for  twenty-four  hours  ; after  adding  water 
to  dissolve  the  potassium  benzoate,  the  solution  is  extracted  with 
ether,  the  ethereal  extract  evaporated,  and  the  benzyl  alcohol 
purified  by  distillation. 

Benzyl  alcohol  is  a colourless  liquid,  boiling  at  20G°;  it  is 
only  sparingly  soluble  in  water,  but  miscible  with  alcohol, 
ether,  &c.,  in  all  proportions.  It  dissolves  sodium  and 
potassium  with  evolution  of  hydrogen,  yielding  metallic 
derivatives  which  are  decomposed  by  water,  and,  when 
treated  with  phosphorus  pentachloride,  it  is  converted  into 
benzyl  chloride, 

C0H5.CH2.OH  + PC15  = CuII5-CtI,Cl  + POCl3  + HC1. 

When  heated  with  concentrated  acids,  or  treated  with 
anhydrides  or  acid  chlorides,  it  gives  ethereal  salts;  with 
hydrobromic  acid,  for  example,  it  yields  benzyl  bromide, 
C0H6*CH2Br  (b.p.  199°),  and  with  acetyl  chloride  or  acetic 
anhydride  it  gives  benzyl  acetate,  C0H5CH,-O-CO-CH8  (b.p. 
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206°).  On  oxidation  with  dilute  nitric  acid,  it  is  first 
converted  into  benzaldehyde  and  then  into  benzoic  acid, 

C6H5.CH2-OH  + o = c6h6.cho  + h2o 
C6H6.CH2-OH  + 20  = C6H6COOH  + H20. 

All  these  changes  are  strictly  analogous  to  those  undergone 
by  the  fatty  alcohols. 


Saligenin , C6II 4 ( O IT ) • C II 2 • 0 IT , also  known  as  o-liydroxybenzyl 
alcohol,  or  salicyl  alcohol,  is  an  example  of  a substance  which  is 
both  a phenol  and  an  alcohol.  It  is  produced  by  the  action  of 
dilute  acids  or  ferments  on  sctlicin  (a  glucoside  existing  in  the  bark 
of  the  willow-tree),  which  breaks  up  into  saligenin  and  dextrose, 

Cj3H)807  + IToO  = CuH^qjj  oh  + b'cH1.J0(i. 


Synthetically,  it  may  be  prepared  by  reducing  salicylaldehyde 
(p.  409)  with  sodium  amalgam, 


C6H4<QHO  + 2H  = C6H^< 


OH 

CH..OH' 


Saligenin  is  a crystalline  substance  which  melts  at  82°,  and  is 
readily  soluble  in  water,  the  solution  acquiring  a deep  blue 
colouration  on  the  addition  of  ferric  chloride.  Owing  to  its 
phenolic  nature,  it  forms  alkali  salts,  which,  when  heated  with 
alkyl  halogen  compounds,  give  the  corresponding  ethers  (the  methyl 
ether,  C6H4(OCTI3)-CH,-OH,  is  a colourless  oil,  boiling  at  247°) ; on 
the  other  hand,  it  shows  the  properties  of  an  alcohol,  and  yields 
salicylaldehyde  and  salicylic  acid  on  oxidation. 

The  m-  and  p-hydroxybenzyl  alcohols  may  be  prepared  by  the 
reduction  of  the  m-  and  ^ hydroxybenzaldehydes  (p.  410) ; they  are 
colourless,  crystalline  substances,  which  melt  at  67°  and  110°  re- 
spectively. 

Anisyl alcohol,  or  p-methoxybenzyl  alcohol,  C6II4( O C II:! ) • C TL ■ O If , 
is  obtained  by  treating  anisaldehyde,  C0H4(OCH3)-CHO  (p.  410), 
with  sodium  amalgam  or  with  alcoholic  potash.  Synthetically,  it 
has  been  prepared  by  heating  a mixture  of  p-hydroxybenzyl 
alcohol,  potash,  and  methyl  iodide  in  alcoholic  solution  at  100°, 

W<CH,OH  + CH,I  = C,H,<g^5H  + KI. 


It  is  a crystalline  solid,  which  melts  at  25°  and  boils  at  258°;  on 
oxidation,  it  yields  anisaldehyde  and  anisic  acid,  CG  II4(  O C If3)  • CO  O H . 
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Aldehydes. 

The  relation  between  the  aromatic  aldehydes  and  the 
aromatic  alcohols  is  the  same  as  that  which  exists  between 
the  corresponding  classes  of  fatty  compounds — that  is  to  say, 
the  aldehydes  are  derived  from  the  primary  alcohols  by 
taking  away  two  atoms  of  hydrogen  from  the  -CH2-OH  group; 
benzaldehyde,  C6TI5-CHO,  for  example,  corresponds  with  benzyl 
alcohol,  C6H5-CH2-OH,  salicylaldehyde,  C6H4(OH)-CHO, 
with  salicyl  alcohol,  C6H4(OH)-CH.,-OH,  phenylacetaldehyde, 
C6H5-CH2-CHO,  with  phenylethyl  alcohol,  C6H5.CH2-CH2-OIf, 
and  so  on. 

Now  those  compounds  which  contain  an  aldehyde-group 
directly  united  with  carbon  of  the  nucleus  have  been  much 
more  thoroughly  investigated,  and  are  of  far  greater  import- 
ance, than  those  in  which  the  aldehyde-group  is  combined  with 
a carbon  atom  of  the  side-chain,  as  in  phenylacetaldehyde 
(see  above),  cinnamic  aldehyde,  C6H6-CH:CH-CHO,  &c. ; 
whereas,  moreover,  the  latter  resemble  the  fatty  aldehydes 
very  closely  in  general  character,  and  do  not  therefore  require 
any  detailed  description,  the  former  differ  from  the  fatty  com- 
pounds in  several  important  particulars,  as  will  be  seen  from 
the  following  account  of  benzaldehyde  and  salicylaldehyde, 
two  of  the  best-known  aromatic  compounds  which  contain 
the  aldehyde  group  directly  united  with  the  benzene  nucleus. 

Benzaldehyde,  C0TT5-CHO,  sometimes  called  ‘oil  of  bitter 
almonds,’  was  formerly  obtained  from  the  glucoside  (compare 
foot-note,  p.  4S8),  amygdalin,  which  occurs  in  bitter  almonds, 
and  which,  in  contact  with  water,  gradually  undergoes  de- 
composition into  benzaldehyde,  hydrocyanic  acid,  and  dextrose 
(compare  part  i.  p.  279). 

Benzaldehyde  may  be  obtained  by  oxidising  benzyl 
alcohol  with  nitric  acid,  and  by  distilling  a mixture  of  calcium 
benzoate  and  calcium  formate, 

(C0H3.COO)2Ca  + (H.COO)2Ca  = 2C0Ur/CTIO  + 2CaCOs, 
reactions  analogous  to  those  employed  in  the  fatty  series. 
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J t is  prepared  both  in  the  laboratory  and  on  the  large  scale, 
either  by  heating  benzal  chloride  (p.  349)  with  moderately 
dilute  sulphuric  acid,  or  calcium  hydroxide,  under  pressure, 
or  by  boiling  benzyl  chloride  with  an  aqueous  solution  of  lead 
nitrate  or  copper  nitrate.  In  the  first  method,  the  benzal 
chloride  is  probably  first  converted  into  the  corresponding 
dihydroxy-derivative  of  toluene, 

C6H5-CHC12  + 2H20  = C0H5-CH(OH)2  + 2HC1; 

but  as  this  compound  contains  two  hydroxyl-groups  united 
with  one  and  the  same  carbon  atom,  it  is  very  unstable  (part  i. 
p.  259),  and  subsequently  undergoes  decomposition  into 
benzaldehyde  and  water.  In  the  second  method,  the  benzyl 
chloride  is  probably  transformed  into  benzyl  alcohol,  which 
is  then  oxidised  to  the  aldehyde  by  the  metallic  nitrate,  with 
evolution  of  oxides  of  nitrogen  and  formation  of  copper  or 
lead  chloride,  as  indicated  by  the  equation 

2C6H5-CH2-OH  + Cu(N03)2  + 2HC1  = 

2C0H6-CHO  + CuCl2  + 2IIN02  + 2H20. 

Benzyl  chloride  (5  parts),  water  (25  parts),  and  copper  nitrate 
(4  parts)  are  placed  in  a llaslc  connected  with  a reflux  condenser, 
and  the  mixture  is  boiled  for  six  to  eight  hours,  a stream  of  carbon 
dioxide  being  passed  into  the  liquid  all  the  time,  in  order  to  expel 
the  oxides  of  nitrogen,  which  would  otherwise  oxidise  the  benzal- 
dehyde to  benzoic  acid ; the  process  is  at  an  end  when  the  oil 
contains  only  traces  of  chlorine,  which  is  ascertained  by  washing 
a small  portion  with  water,  and  boiling  it  with  silver  nitrate 
and  nitric  acid.  The  benzaldehyde  is  then  extracted  with  ether, 
the  ethereal  extract  shaken  with  a concentrated  solution  of 
sodium  bisulphite,  and  the  crystals  of  the  bisulphite  compound, 
C„H5.CHO,  NaHSO;„  separated  by  filtration  and  washed  with  ether ; 
the  benzaldehyde  is  then  regenerated  by  decomposing  the  crystals 
with  dilute  sulphuric  acid,  extracted  with  ether,  and  distilled. 

Benzaldehyde  is  a colourless,  highly  refractive  liquid  of  sp.  gr. 
1-05  at  15°;  it  boils  at  179°,  and  is  volatile  in  steam.  It  has 
a pleasant  smell  like  that  of  bitter  almonds,  and  is  only 
sparingly  soluble  in  water,  but  miscible  with  alcohol,  ether, 
&c.,  in  all  proportions.  It  is  extensively  used  for  flavouring 
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purposes,  and  is  employed,  on  the  large  scale  in  the  manu- 
facture of  various  dyes. 

Beuzaldehyde,  and  aromatic  aldehydes  in  general,  resemble 
the  fatty  aldehydes  in  the  following  respects : They  readily 
undergo  oxidation  on  exposure  to  the  air,  yielding  the  corre- 
sponding acids, 

C6H5-CHO  + 0 = CjHj.COOH, 
and  consequently  they  reduce  ammoniacal  solutions  of  silver 
hydroxide.  On  reduction,  they  are  converted  into  the 
corresponding  alcohols, 

C6H5-CHO  + 2 II  - c6e5.ch2-oii. 

When  treated  with  phosphorus  pentachloride,  they  give 
dihalogen  derivatives  such  as  benzal  chloride,  C6H3-CHC1.„ 
two  atoms  of  chlorine  being  substituted  for  one  atom  of 
oxygen.  They  interact  with  hydroxylamine,  yielding 
aldoximes,  and  with  phenylhydrazine,  giving  hydrazones, 

C6H6-CHO  + NH2.OH  = 11,0  + C6H5-CH:N-OH 

Benzaldoxiine. 

C0H5-CHO  + NH2-NH-C6H5  = H20  + C0H5-  CH  :N2H-  C6H5. 

Benzyl  ideneliyd  razono. 

They  combine  directly  with  sodium  bisulphite,  forming 
crystalline  compounds,  and  with  hydrocyanic  acid  they 
yield  hydroxycyanides  such  as  benzylidenekydroxyeyanide* 

CeH5-CH<^!JJ.  They  readily  undergo  condensation  with 

many  other  fatty  and  aromatic  compounds ; when,  for 
example,  a mixture  of  benzaldehyde  and  acetone  is  treated 
with  a few  drops  of  soda  at  ordinary  temperatures,  condensa- 
tion occurs,  and  benzylkleneacetone,  C0Ii5-CH:CH-CO-CII.( 
(m.p.  42°),  is  formed. 

Benzaldehyde,  and  other  aromatic  aldehydes  which  contain 
the  — ClIO  group  directly  united  witli  the  benzene  nucleus, 
differ  from  the  fatty  aldehydes  in  the  following  respects : 

* The  name  benzylidene  is  given  to  the  group  of  atoms,  C'(;HVCH  = , 
which  is  analogous  to  ethylideno,  CHj  CH=  (part  i.  p.  139). 
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They  do  not  reduce  Jehling’s  solution,  and  they  do  not 
undergo  polymerisation ; they  do  not  form  additive  com- 
pounds with  ammonia,  but  yield  complex  products  such  as 
hijdrolenzcnnide,  (C6H5-CH)3N2,  which  is  obtained  by  treating 
benzaldehyde  with  ammonia.  When  shaken  with  concen- 
trated potash  (or  soda),  they  yield  a mixture  of  the  corre- 
sponding alcohol  and  acid  (compare  p.  403), 

2C6H5'CHO  + KOH  = C6H6.CHs.OH  + C6H5-COOK. 

Nitrobenzaldehydes,  CBII4(N02)-CH0. — When  treated  with  a 
mixture  of  nitric  and  sulphuric  acids,  benzaldehyde  yields  m-nitro- 
benzaldehyde  (m.p.  58°)  as  principal  product,  small  quantities  of 
o-nitrobenzaldehyde  (m.p.  46°)  being  formed  at  tbe  same  time. 

p-Nitrobenzaldehyde  (m.p.  107°),  and  also  the  o-compound,  are 
most  conveniently'  prepared  by  the  oxidation  of  the  corresponding 
nitrocinnamic  acids  (p.  432)  with  potassium  permanganate, 

CoH4<CcH:CH-COOH  + 40  = CoH4<CHO  + 2C0-  + H-°- 

During  the  operation  the  mixture  is  shaken  with  benzene  in  order 
to  extract  tbe  aldehyde  as  fast  as  it  is  formed,  and  thus  remove  it 
from  the  further  action  of  the  oxidising  agent.  The  benzene 
solution  is  then  evaporated,  and  the  aldehyde  purified  by 
recrystallisation. 

The  nitrobenzaldehydes  are  colourless,  crystalline  substances, 
which  show  much  the  same  behaviour  as  benzaldehyde  itself ; when 
reduced  with  ferrous  sulphate  and  ammonia  they  are  converted  into 
the  corresponding  amidobcnzaldehydes,  CcH4(NH2)-CHO. 

o-Nitrobenzaldehydc  is  a particularly  interesting  substance,  as, 
when  its  solution  in  acetone  is  mixed  with  a few  drops  of  dilute 
soda,  a precipitate  of  indigo  gradually  forms  (Baeyer).  This  im- 
portant synthesis  of  this  vegetable  dye  may  be  represented  by  the 
equation 

2C6II.1<cilo  + 2CH3.CO.CH3  = C,H4<gg>C:C<g{J>C,H4 

Indigo. 

+ 2CH,COOH  + 2IDO. 

Hydroxy-aldehydes. 

The  hydroxy-derivatives  of  the  aldehydes,  such  as  the 
hydroxy benzaldchydes,  C,.H4(OH)  • CHO,  which  contain  the 
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hydroxyl-group  united  with  the  nucleus,  combine  the  pro- 
perties of  phenols  and  aldehydes. 

They  may  be  obtained  by  the  oxidation  of  the  correspond- 
ing hydroxy-alcohols ; saligenin  (p.  404),  or  o-hydroxy benzyl 
alcohol,  for  example,  yields  salicylaldehyde  or  o-hydroxybenz- 
aldehyde, 

c«h.<ct2.oh  + 0 = c»n*<cSo  + H*°- 

As,  however,  such  alcohols  are  not  easily  obtained,  and 
indeed  in  many  cases  have  only  been  produced  by  the 
reduction  of  the  hydroxy-aldehydes,  the  latter  are  usually 
prepared  by  heating  the  phenols  with  chloroform  in  alkaline 
solution  (Reimer’s  reaction), 

C6H5.OI-I  + CHC13  + 3 KOI!  = C6TT4<cJ{0  + 3KC1  + 211,0. 


The  actual  changes  which  occur  in  carrying  out  Reimer’s  reaction 
are  not  clearly  understood  ; but  it  may  be  assumed  that,  in  the  first 
place,  the  phenol  interacts  with  the  chloroform  in  the  presence  of 
the  alkali,  yielding  an  intermediate  product  containing  halogen, 

C6Hj-OH  + CHC13  = C0H4<chCU  + HC1, 

which  by  the  further  action  of  the  alkali  is  converted  into  a 
hydroxy benzaldehyde,  just  as  benzalchloride,  C6H5-CHC12,  is  trans- 
formed into  benzaldehyde  (compare  p.  400), 


C IT  ^®H 
^o“4<vCHC12 


■>  C T T ^ 

^ u«hl4<'CH(OH)2 


c6H4< 


OH 

Clio 


+ H.,0. 


As  a rule,  the  primary  product  is  the  o-hydroxyaldehyde,  small 
quantities  of  the  corresponding  ^-compound  being  produced  at  the 
same  time. 


Salicylaldehyde,  C6H4(( )H)-CHO  (o-hydroxybenzaldehyde), 
may  be  obtained  by  oxidising  saligenin  with  chromic  acid 
(see  above),  but  it  is  usually  prepared  from  phenol  by 
Reimer’s  reaction. 


Phenol  (20  grams)  is  dissolved  in  soda  (60  grams)  and  water  (120 
grams),  the  solution  heated  to  60°  in  a flask  provided  with  a reflux 
condenser,  and  chloroform  (30  grams)  added  in  small  quantities  at 
a time  from  a dropping  funnel.  After  slowly  heating  to  boiling, 
the  unchanged  chloroform  is  distilled  oil',  the  alkaline  liquid  acidi- 
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fied  and  distilled  in  steam,  when  a mixture  of  jdicnol  and  salicyl- 
aldehyde  passes  over.  (The  residue  in  the  llask  contains  yi-hydroxy- 
benzaldehyde,  which  may  he  extracted  from  the  filtered  liquid  with 
ether,  and  purified  by  recrystallisation.)  The  oily  mixture  is  ex- 
tracted from  the  distillate  with  ether,  and  the  extract  shaken  with 
dilute  sodium  bisulphite,  which  dissolves  the  aldehyde  in  the  form 
of  its  bisulphite  compound.  The  aqueous  liquid  is  then  separated, 
acidified,  and  the  regenerated  salicylaldehyde  extracted  with  ether 
and  purified  by  distillation. 

Salicylaldehyde  is  a colourless  oil  which  boils  at  196°, 
and  possesses  a penetrating,  aromatic  odour;  it  is  moderately 
soluble  in  water,  its  solution  giving  a deep  violet  colouration 
on  the  addition  of  ferric  chloride.  When  reduced  with 
sodium  amalgam,  it  yields  saligenin,  C6II4(OH)-CH2-OH 
(p.  404),  whereas  oxidising  agents  convert  it  into  salicylic 
acid,  CsH4(OH)-COOH. 

p-Hydroxybenzaldehyde  is  crystalline,  and  melts  at  116°;  it 
dissolves  readily  in  hot  water,  and  gives,  with  ferric  chloride,  a 
violet  colouration. 

m-Hydroxybenzaldehyde  is  obtained  from  m-nitrobenzaldehyde 
by  conversion  into  m-amidobenzaldehyde,  and  subsequent  displace- 
ment of  the  amido-group  by  hydroxyl,  by'  means  of  the  diazo- 
reaction (p.  372).  It  crystallises  from  water  in  colourless  needles, 
and  melts  at  104°. 

Anisaldehyde,  C0H4(OCH3)-CHO(p-mcthoxybenzaldehyde), 
is  prepared  from  oil  of  aniseed.  This  ethereal  oil  contains 
anethole,  C(;H4(OCir.j)-CH:CII-CH.l,  a crystalline  substance 
which  melts  at  21°  and  distils  at  232°,  and  which  on  oxida- 
tion with  potassium  bichromate  and  sulphuric  acid  is  con- 
verted into  anisaldehyde,  the  propenyl  group  -CH:CH-CH;i 
being  oxidised  to  the  aldehyde  group.  Synthetically,  it  may 
be  prepared  by  digesting  p-hydroxybenzaldehyde  with  alco- 
holic potash  and  methyl  iodide, 

C6H4<CHO  + CHd  - c«h.<cho*  + KI- 

Anisaldehyde  is  a colourless  oil  which  boils  at  248°,  and 
possesses  a penetrating,  aromatic  odour;  on  reduction  with 
sodium  amalgam,  it  yields  anisyl  alcohol,  C6H4(OCH3)-CH.,OH 


AROMATIC  ALCOHOLS,  ETC. 


411 

(p.  404)  ; oxidising  agents  convert  it  into  anisic  acid, 
C6H4(OCH3)-COOH  (p.  439). 


Ketones. 

The  ketones  of  the  aromatic,  like  those  of  the  fatty  series, 
have  the  general  formula  R - CO  — R',  where  R and  R'  re- 
present different  or  identical  radicles,  one  of  which  must,  of 
course,  be  aromatic. 

Acetophenone,  phenylmethyl  ketone,  or  acetylbenzene, 
C6H5-CO-CH3,  may  be  described  as  a typical  aromatic  ketone. 
It  is  formed  on  distilling  a mixture  of  calcium  benzoate  and 
calcium  acetate,  a reaction  which  is  exactly  analogous  to  that 
which  is  made  use  of  in  obtaining  mixed  ketones  of  the  fatty 
series, 

(C0H5.COO),Ca  + (CH.j-COO).,Ca  = 

2C0H5-CO-CH3  + 2CaC03. 

It  may  also  be  obtained  by  treating  benzoyl  chloride  (p.  420) 
with  zinc  methyl,  just  as  diethyl  ketone  may  be  produced 
from  propionyl  chloride  and  zinc  ethyl  (part  i.  p.  136), 

C0II5-COC1  + Zn(CH3)2  = C6H5-  CC1<q  j^1 1 C 1 

C6H5.CCl<g|nCH3  + 21 RO  = 

C(iH5-CO-CH3  + CH4  + ; Zn(OH)2  + IlCli 

It  is,  however,  most  conveniently  prepared  by  treating 
benzene  with  acetyl  chloride  in  presence  of  aluminium 
chloride, 

C0II6  + CII3-COCl  = C6H5-CO-CH3  + HCL 

This  method  is  of  general  use,  as  by  employing  other  acid 
chlorides  and  other  hydrocarbons,  many  other  ketones  may  be 
prepared ; it  is  comparable  to  Friedel  and  Craft’s  method  of 
preparing  hydrocarbons  (p.  320). 
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Acetophenone  is  a crystalline  substance,  melting  at  20-5°, 
and  boiling  at  202°;  it  is  used  as  a hypnotic  in  medicine, 
under  the  name  of  hypnone.  Its  chemical  behaviour  is 
so  similar  to  that  of  the  fatty  ketones,  that  most  of  its 
reactions,  or  at  any  rate  those  which  are  determined  by 
the  carbonyl-group,  might  be  foretold  from  a considera- 
tion of  those  of  acetone ; on  reduction  with  sodium 
amalgam,  acetophenone  is  converted  into  phenylmethyl 
carbinol,  C0H5-CH(OH)-CH3,  just  as  acetone  is  transformed 
into  isopropyl  alcohol ; like  acetone,  and  other  fatty  ketones, 
it  interacts  readily  with  hydroxylamine  and  with  phenyl- 
hydrazine,  giving  the  oxime , C0H5-C(NOH)-CH3,  and  the 
hydrazone,  C0H6*C(N2HCOH5)-CH3,  respectively.  On  oxida- 
tion, it  is  resolved  into  benzoic  acid  and  carbon  dioxide, 
just  as  acetone  is  oxidised  to  acetic  acid  and  carbon 
dioxide, 

CfiH5-CO-CH3  + 40  = C„ir5-COOII  + co2  + h,o. 

Acetophenone  shows  also  the  general  behaviour  of  aromatic 
compounds,  inasmuch  as  it  may  be  converted  into  nitro-, 
amido-,  and  halogen-derivatives  by  displacement  of  hydrogen 
of  the  nucleus. 

The  homologues  of  acetophenone,  such  as  propiophenone , 
C6H5-CO-G2H6,  butyrophenone,  0(;H5-C0-C.,II7,  &c.,  are  of 
little  importance,  but  benzophenone,  an  aromatic  ketone  of  a 
different  series,  may  be  briefly  described. 

Benzophenone,  diphenyl  ketone,  or  benzoylbenzene, 
C0H5-CO-C0H5,  may  be  obtained  by  distilling  calcium  ben- 
zoate, and  by  treating  benzene  with  benzoyl  chloride  in 
presence  of  aluminium  chloride;  it  is  most  conveniently 
prepared  by  adding  aluminium  chloride  to  a solution  of 
carbonyl  chloride  in  benzene, 

2C„H0  + COClo  = C6H5-CO-C,jH5  + 2HC1. 

It  is  a crystalline  substance,  melting  at  48-49°,  and  is  very 
similar  to  acetophenone  in  most  respects;  when  distilled  over 
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zinc-dust,  it  is  converted  into  diphenylmethane,  CeH5-CH./C0H5 
(p.  340). 


Quinones. 

When  an  aqueous  solution  of  hydroquinone  is  oxidised 
with  excess  of  ferric  chloride,  a dark-brown  solution  is 
obtained  which  has  a very  penetrating  odour,  and  from 
which,  on  standing,  yellowisli-brown  crystals  are  deposited, 

C6H4(OH)2  + 0 = c0h4o2  + h2o. 

The  substance  formed  in  this  way  is  named  quinone,  or 
benzoquinone,  and  is  the  simplest  member  of  a very  interest- 
ing class  of  compounds. 

Quinone,  or  benzoquinone,  C0H4O2,  is  usually  prepared  by 
oxidising  aniline  with  potassium  bichromate  and  sulphuric 
acid. 

Aniline  (1  part)  is  dissolved  in  water  (25  parts)  and  sulphuric 
acid  (8  parts),  and  finely-powdered  potassium  bichromate  (3-5 
parts)  gradually  added,  the  whole  being  well  cooled  during  the 
operation ; the  product,  which  is  very  dark  coloured,  owing  to 
the  presence  of  aniline  black,  is  extracted  with  ether,  the  ether 
evaporated,  and  the  crude  quinone  purified  by  recrystallisation 
from  light  petroleum  or  by  sublimation. 

Quinone  crystallises  in  golden-yellow  prisms,  melts  at  11G°, 
sublimes  very  readily,  and  is  volatile  in  steam ; it  has  a 
peculiar,  irritating,  and  very  characteristic  smell,  and  is  only 
sparingly  soluble  in  water,  but  dissolves  freely  in  alcohol 
and  ether.  It  is  readily  reduced  by  sulphurous  acid,  zinc 
and  hydrochloric  acid,  &c.,  being  converted  into  hydro- 
quinone, 

C6H402  + 211  = C6H4(OH)2. 

In  some  respects  quinone  behaves  as  if  it  contained  two 
carbonyl-groups,  each  having  properties  similar  to  those 
of  the  carbonyl-groups  in  compounds  such  as  acetone, 
acetophenone,  &c.  ; when  treated  with  hydroxylatnine 
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hydrochloride,  for  example,  quinone  yields  a monoxime , 
C0H4<^|T  ( -jjj  (identical  with  nitrosophenol,  p.  367),  and  also  a 

(Jioxime,  The  two  carbonyl-groups,  moreover, 


are  in  the  para-position  to  one  another,  as  is  shown  by  the 
fact  that,  when  quinone-dioxime  is  reduced  with  tin  and 
hydrochloric  acid,  it  yields  p-phenylenediamine. 

In  other  respects,  however,  quinone  undergoes  changes 
which  are  quite  different  from  those  observed  in  the  case  of 
ordinary  ketones ; on  reduction,  for  instance,  each  7>CO 
group  is  transformed  into  ^>C-OH,  and  not  into  >CH-OH, 
as  might  have  been  expected  from  analogy ; again,  on  treat- 
ment with  phosphorus  pentachloride,  each  oxygen  atom 
is  displaced  by  one  atom  of  chlorine,  ^-dichlorobenzene, 


CcH4<q|,  being  formed,  and  not  a tetrackloro-derivative, 
01 

CyHj^Q2,  as  might  have  been  expected. 

This  curious  behaviour,  and  the  close  connection  between 

quinone  and  hydroquinone,  is  well  explained  by  assuming  that 

quinone  has  the  constitution  represented  by  the  formula  L, 

and  that  when  it  is  reduced  to  hydroquinone  (formula  il), 

co  . COH 

the  two  /\  groups  are  converted  into  two  /]\  groups, 


o 

li 


n 

o 


I.  Quinone. 


<T>, 

I 

OH 

II.  Hydroquinone. 


Such  a change  would  indeed  be  similar  to  the  formation  of 
pinacone  from  acetone,  as  in  the  latter  case  the  acetone 

on 

co  £ 

Ch3/\<h3  is  probably  first  reduced  to  cb3/1\cB3>  two  mole- 
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cules  of  which  immediately  combine  to  form  pinacone  (com- 
pare part  i.  p.  1 38) : 


ch3 


oh 


ch3 


cn3 


oh 


c 


I 

Oil 


Three  other  constitutional  formula;  may  he  put  forward,  as  pos- 
sibly representing  the  constitution  of  quinone — namely  : 


The  first  of  these  is  practically  identical  with  that  given  above, 
but  the  second  and  third  are  different  and  not  so  probable,  because, 
although  they  explain  in  a simple  way  many  of  the  reactions  of 
quinone,  they  do  not  so  readily  account  for  the  formation  of  a 
dioxime. 


Benzoquinone  and  many  other  para-quinones  (that  is  to  say, 
quinones  in  which  the  two  carbonyl-groups  are  in  the  para- 
position  to  one  another*)  may  bo  produced  by  the  oxidation, 
with  chromic  acid  or  ferric  chloride,  of  many  hydroxy-  and 
amido-compounds,  which  contain  the  substituting  groups  in 
the  para-position ; quinone,  for  example,  is  formed  on 
oxidising  jp-amidophenol,  C0H4(OH)-NH2,  and  jp-phenylenedi- 
amine,  C(.H4(NII9).„  whereas  o-toluidine,  j>toluylenediamine, 
C0H4(NH2)2.CH3,  [NH2:NH2:CH3  = 1:4:6],  &c.,  yield  tolu- 


quinone , 


* Other  quinones,  of  a somewhat  different  class  to  benzoquinone,  arc 
described  later  (pp.  450,  470). 
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When,  however,  bleaching-powder  is  used  as  the  oxidising  agent, 
quinone  chlorimules  and  quinone  dichlovodiimidcs  are  formed  in  the 
place  of  quinone, 

NH,.CflH4OH  + 4C1  = NC1:C6H4:0  + 3HC1 

Quinone  Chlorhnide. 

NH2C0H4-NHo  + 6C1  = NCl:CeH4:NCl  + 4HC1. 

Quinone  Dielilorodiimide. 

The  quinone  chlorimides  and  dichlorodiimides  resemble  quinone  in 
many  respects;  they  are  crystalline,  readily  volatile  in  steam,  and 
are  respectively  converted  into  p-amidophenol  and  p-phenylenedi- 
amine  or  their  derivatives  on  reduction. 

Chlorcmil,  or  tetrachloroquinone,  0:C,jCl4:0,  is  produced  when 
chlorine  acts  on  quinone,  but  it  is  usually  prepared  by  treating 
phenol  with  hydrochloric  acid  and  potassium  chlorate,  oxidation 
and  chlorination  taking  place  simultaneously, 

C0H5-OH  + 10C1  + 0 = 0:C6C14:0  + 6HCI. 

It  crystallises  in  yellow  plates,  sublimes  without  melting,  and  is 
sparingly  soluble  in  alcohol,  and  insoluble  in  water. 

It  is  readily  reduced  to  tetrachlorohydroquinone,  OH-CuC14-OH, 
and  is  therefore  a powerful  oxidising  agent,  for  which  reason  it  is 
much  employed  in  colour  chemistry,  when  the  use  of  inorganic 
oxidising  agents  is  undesirable. 


CHAPTER  XX  VI 1 1. 

CARBOXYLIC  ACIDS. 

The  carboxylic  acids  of  the  aromatic  series  are  derived  from 
the  aromatic  hydrocarbons,  just  as  those  of  the  fatty  series  are 
derived  from  the  paraffins — namely,  by  the  substitution  of  one 
or  more  carboxyl-groups  for  a corresponding  number  of 
hydrogen  atoms.  In  this,  as  in  other  cases,  however,  one  of 
two  classes  of  compounds  may  he  obtained  according  as 
substitution  takes  place  in  the  nucleus  or  in  the  side-chain ; 
benzene  yields,  of  course,  only  acids  of  the  first  class,  such  as 
benzoic  acid,  CcHs-COOIT,  the  three  (o.m.p.)  plithalic  acids, 
C(;H4(COOH).„  the  three  tricarboxylic  acids,  CgH^COOII).,, 
Ac.,  but  toluene  and  all  the  higher  homologues  may  give 
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riso  to  derivatives  of  both  kinds — as,  for  example,  the 
three  toluio  acids,  CtiH4(CH3)-COOH,  and  phenylacetic  acid, 
C0H6.CHa.COOH. 

Although  there  are  no  very  important  differences  in  the 
properties  of  these  two  classes  of  acids,  it  is  more  convenient 
to  describe  them  separately,  taking  first  those  compounds  in 
which  the  carboxyl-groups  are  directly  united  with  carbon  of 
the  nucleus. 

Preparation. — Such  acids  may  be  obtained  by  oxidising  the 
alcohols  or  aldehydes, 

C(jH5'CH2'OH  + 20  = CgH5-COOH  + H20 
C6H6-CHO  + 0 = CuH5-COOH, 
and  by  hydrolysing  the  nitriles  (p.  421)  with  alkalies  or 
mineral  acids, 

C„H5-GN  + 2H..0  = CcH5.COOH  + NIL, 

c0h5.cii2-cn  + 2Hjb  = c0h6-ch2.cooh  + nii3, 

reactions  which  are  exactly  similar  to  those  employed  in  the 
case  of  the  fatty  acids  (part  i.  p.  165). 

Perhaps,  however,  the  most  important  method,  and  one 
which  has  no  counterpart  in  the  fatty  series,  consists  in  oxidis- 
ing the  liomologucs  of  benzene  with  dilute  nitric  acid  or 
chromic  acid, 

cyEP-CHg  + 30  = c(!h5.cooh  + ir.,o 

CeH5-CH2-CH3  + 60  = C0H6.COOH  + C02  + H.,0. 

In  this  way  only  those  acids  which  contain  the  carboxyl-group 
united  with  the  nucleus  can  be  obtained,  because  the  side-chain 
is  always  oxidised  to  -COOH,  no  matter  how  many  -CII.,- 
groups  it  may  contain ; in  other  words,  all  homologues  of 
benzene  which  contain  only  one  side-chain  yield  benzoic  acid, 
whereas  those  containing  two  give  one  of  the  phthalic  acids. 
In  the  latter  case,  however,  one  of  the  side-chains  is  oxidised 
before  the  other  is  attacked,  so  that  by  stopping  the  process  at 
the  right  time,  an  alkyl-derivative  of  benzoic  acid  is  obtained, 
C„  11,(011.,),  + 30  = C0H4(CI1:!)-GOOH  + II.,  O 
Celi4(CH3).COOH  + 30  = CtfH4(C001i)2  + h2o. 

2 A 
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Oxidation  is  frequently  carried  out  by  boiling  the  hydrocarbon 
(1  vol.)  with  nitric  acid  (1  vol.)  diluted  with  water  (2-4  vols.)  until 
brown  fumes  are  no  longer  formed.  The  mixture  is  then  made 
slightly  alkaline  with  soda,  and  any  unchanged  hydrocarbon  and 
traces  of  nitro-hydrocarbon  separated  with  a funnel  or  extracted 
with  ether ; the  alkaline  solution  is  then  acidified  and  the  acid 
separated  by  filtration  or  extracted  with  ether,  and  purified  by 
recrystallisation. 

Most  hydrocarbons  are  only  very  slowly  .attacked  by  dilute  nitric 
or  chromic  acid  ; in  such  cases  it  is  advantageous  to  first  substitute 
chlorine  or  some  other  group  for  hydrogen  of  the  side-chain,  as  in 
this  way  oxidation  is  facilitated.  Benzyl  chloride,  C6H,-CH2C1,  for 
example,  is  much  more  readily  oxidised  than  toluene,  whereas 
benzyl  acetate,  C6H5-CH2*0C2H30  (p.  349),  and  benzyl  ethyl  ether, 
C6ll3-CH2-0-C2H5,  are  even  more  readily  attacked. 

Propertius. — The  aromatic  acids  are  crystalline,  and  distil 
without  decomposition ; they  are  sparingly  soluble  in  cold 
water,  but  much  more  readily  in  hot  water,  alcohol,  and  ether. 
As  regards  all  those  properties  which  are  determined  by  the 
carboxyl-group,  the  aromatic  acids  are  closely  analogous  to  the 
fatty  compounds,  and  give  corresponding  derivatives,  as  the 
following  examples  show  : 

Benzoic  acid,  C6H,-COOH  Benzoyl  chloride,  C6H6-C0C1. 
Sodium  benzoate,  C6H5-COONa  Benzamide,  C6HB-CO-NH2. 

Ethyl  benzoate,  C8HB-COOC2HB  Benzoic  anhydride,  (C„HB-C0)20. 

When  distilled  with  lime,  they  are  decomposed  with  loss  of 
carbon  dioxide  and  formation  of  the  corresponding  hydro- 
carbons, just  as  acetic  acid  under  similar  circumstances  yields 
marsh-gas, 

C6H6-COOH  = C6Hb  + co2 
C0H4(CHj)-COOH  = c„h5-ch3  + CO,. 

Benzoic  acid,  C0TI5-COOH,  occurs  in  the  free  state  in 
many  resins,  especially  in  gum  benzoin  and  Peru  balsam  ; also 
in  the  urine  of  cows  and  horses,  as  liippuric  acid  or  benzoyl- 
glycine,  C„H5-CO-NH-CH2-COOH,  to  the  extent  of  about 
two  per  cent. 

It  is  generally  prepared  either  by  the  sublimation  of  gum 
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benzoin  in  iron  pots,  the  crude  sublimate  being  purified  by 
recrystallisation  from  water,  or  by  treating  hippuric  acid 
with  hydrochloric  acid  (part  i.  p.  292), 

C0H5-CO-SH-CH,-COOH  + HC1  + IT.,0  = 

C6H5.COOH  + NH2.CH2.COOH,  HC1. 

Glycine  Hydrochloride. 

The  urine  of  horses,  cows,  or  other  herbivorous  animals  is  evapor- 
ated to  one-third  of  its  volume,  filtered,  and  acidified  with  hydro- 
chloric acid  ; the  crystals  of  hippuric  acid  which  are  deposited  on 
standing,  are  collected  and  boiled  for  a short  time  with  four  parts 
of  concentrated  hydrochloric  acid,  the  benzoic  acid  which  separates 
on  cooling  being  purified  by  recrystallisation  ; the  mother-liquors 
contain  glycine  hydrochloride. 

Benzoic  acid  is  manufactured  by  oxidising  benzyl  chloride 
(p.  348)  with  GO  per  cent,  nitric  acid, 

CjHj-CHjCI  + 20  = C6H5-COOH  + HC1. 

It  may  also  be  prepared  by  oxidising  toluene,  or  by  any  other 
of  the  general  methods. 

Benzoic  acid  separates  from  water  in  glistening  crystals, 
melts  at  120°,  and  boils  at  250°,  but  it  sublimes  very  readily 
even  at  100°,  and  is  volatile  in  steam  ; it  dissolves  in  400 
parts  of  water  at  15°,  but  is  readily  soluble  in  hot  water, 
alcohol,  and  ether.  Its  vapour  has  a characteristic  odour,  and 
an  irritating  action  on  the  throat,  causing  violent  coughing. 
Most  of  the  metallic  salts  of  benzoic  acid  are  soluble  in  water 
and  crystallise  well;  calcium  benzoate,  (C6TI5-COO)2Ca  -f  31I20, 
for  example,  prepared  by  neutralising  benzoic  acid  with  milk 
of  lime,  crystallises  in  needles,  and  is  very  soluble  in  water. 

The  ethereal  salts  are  prepared  in  precisely  the  same  way 
as  those  of  the  fatty  acids  (part  i.  p.  187);  ethyl  benzoate, 
for  example,  C0H5-COOC2H5,  is  obtained  by  saturating  an 
alcoholic  solution  of  benzoic  acid  with  hydrogen  chloride,  and 
after  some  time  pouring  the  solution  into  water,  the  pre- 
cipitated oil  being  purified  by  fractional  distillation.  It  boils 
at  211°,  has  a pleasant  aromatic  odour,  and  is  readily  hydro- 
lysed by  boiling  alcoholic  potash. 
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Benzoyl  chloride,  C0H6-COC1,  is  obtained  by  treating 
benzoic  acid  with  phosphorus  pentachloride.  It  is  a colourless 
oil,  possessing  a very  irritating  odour,  and  boils  at  200°;  it  is 
gradually  decomposed  by  water,  yielding  benzoic  acid  and 
hydrochloric  acid. 

Benzoic  anhydride,  (C0II.-CO)2O,  is  produced  when  benzoyl 
chloride  is  treated  with  sodium  benzoate,  just  as  acetic  anhy- 
dride is  formed  by  the  interaction  of  acetyl  chloride  and 
sodium  acetate  (part  i.  p.  1 60) ; it  is  a crystalline  substance, 
melting  at  42°,  and  closely  resembles  acetic  anhydride  in 
ordinary  chemical  properties. 

Benzoyl  chloride  and  benzoic  anhydride  may  be  used  for 
the  detection  of  hydroxy-compounds,  as  they  interact  with  all 
such  substances  (although  not  so  readily  as  the  corresponding 
derivatives  of  acetic  acid,  part  i.  p.  159),  yielding  benzoyl- 
derivatives,  the  monovalent  benzoyl- group,  C(iII5-CO-,  taking 
the  place  of  the  hydrogen  of  the  hydroxyl-group, 

C0H6-OH  + C0H5-COC1  - CgH6-O-CO-C0H5  + HC1 

Phenyl  Benzoate. 

c2h5-oh  + (C0H5-CO)2O  = c2h5.o.co.c0h5  + c0h6.cooh. 

Ethyl  Benzoate. 

Benzoyl-derivatives  may  be  prepared  by  heating  the  hydroxy- 
compound  with  benzoyl  chloride  or  with  benzoic  anhydride.  A 
more  convenient  method,  however,  and  one  which  gives  a purer 
product,  is  that  of  Baumann  and  Schotten  : it  consists  in  adding 
benzoyl  chloride  and  10  per  cent,  potash  alternately,  in  small 
quantities  at  a time,  to  the  hydroxy-compound,  which  is  either 
dissolved  or  suspended  in  water,  the  mixture  being  well  shaken 
and  kept  cool  during  the  operation.  Potash  alone  is  then  added 
until  the  disagreeable  smell  of  benzoyl  chloride  is  no  longer 
noticed,  and  the  product  finally  separated  by  filtration  or  by 
extraction  with  ether.  This  method  is  also  used  in  preparing 
benzoyl  derivatives  of  amido-compounds ; aniline,  for  example, 
yields  benzoyl-aniline, 

C6H5-NHo  + CuH5.COC1  = C0B5-NH.COCbH5  + HC1. 

In  the  above  method  the  alkali  serves  to  neutralise  the  hydrochloric 
acid  as  fast  as  it  is  formed,  the  interaction  taking  place  much 
more  readily  in  the  neutral  or  slightly  alkaline  solution. 
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Benzamide,  C6H,pCO'NH2,  may  be  taken  as  an  example  of 
an  aromatic  amide ; it  may  be  obtained  by  reactions  similar 
to  those  employed  in  the  case  of  acetamide  (part  i.  p 162),  as, 
for  example,  by  treating  ethyl  benzoate  with  ammonia, 

C0H5-COOC2H5  + NHS  - CflH6-CO-NH2  + C2H5-OH; 

but  it  is  most  conveniently  prepared  by  triturating  benzoyl 
chloride  with  dry  ammonium  carbonate  in  a mortar,  and 
purifying  the  product  by  recrystallisation  from  water, 

2C0H5.COCl  + (NH4)2C03  = 

2C0H5-CO-NH2  + C02  + H20  + 2HC1. 

It  is  a colourless,  crystalline  substance,  melts  at  130°,  and  is 
sparingly  soluble  in  cold,  but  readily  soluble  in  hot,  water ; 
like  other  amides,  it  is  decomposed  by  boiling  alkalies,  yield- 
ing ammonia  and  an  alkali  salt, 

C0H5-CO-NH2  + KOH  = C0H5-COOK  + NIL,. 

Benzonitrile,  or  phenyl  cyanide,  C6H5-CN,  may  be  obtained 
by  treating  benzamide  with  dehydrating  agents,  a method 
similar  to  that  employed  in  the  preparation  of  fatty  nitriles, 

C,.H5.CO-NH2  = C6H5-CN  + H20. 

Although  it  cannot  be  prepared  by  treating  chloro-  or  bromo- 
benzene  with  potassium  cyanide  (the  halogen  atom  being  so 
firmly  held  that  no  interaction  occurs),  it  may  be  obtained  by 
fusing  benzenesulphonic  acid  with  potassium  cyanide  (or  with 
potassium  ferrocyanide,  which  yields  the  cyanide),  just  as 
fatty  nitriles  may  be  prepared  by  heating  the  alkylsulphuric 
acids  with  potassium  cyanide, 

C„H6.SOsK  + KCN  = CqHj-CN  + K2S03 
C2H5-S04K  + KCN  = C2H6-CN  + K2S04. 

It  is,  however,  most  conveniently  prepared  from  aniline  by 
Sandmeyer’s  reaction— namely,  by  treating  a solution  of  diazo- 
benzene  chloride  with  potassium  cyanide  and  copper  sulphate 
(p.  372), 

CuII5-N2C1  + KCN  = C0H6.CN  + KC1  + N2. 
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Benzonitrile  is  a colourless  oil,  boiling  at  191°,  and  smells  like 
nitrobenzene.  It  undergoes  changes  exactly  similar  to  those 
which  are  characteristic  of  fatty  nitriles,  being  converted  into  the 
corresponding  acid  on  hydrolysis  with  alkalies  or  mineral  acids, 

C0H5-CN  + 2H20  = C6H6.COOH  + NH3, 
and  into  a primary  amine  on  reduction, 

C0H5-CN  + 4H  = C0H6-CH2-NH2. 

Beuzylamine. 

Other  aromatic  nitriles,  such  as  the  three  tolunitriles, 
C6H4(CH3)-CN,  are  known,  also  compounds  such  as  phenyl- 
acetonitrile  (benzyl  cyanide,  p.  429),  C0H5-CH.,-CjSt,  which 
contain  the  cyanogen  group  in  the  side-chain. 

Substitution  Products  of  Benzoic  Acid. — Benzoic  acid  is 
attacked  by  halogens  (although  not  so  readily  as  the  hydro- 
carbons), the  product  consisting  of  the  meta-derivative  (p.  351); 
when,  for  example,  benzoic  acid  is  heated  with  bromine  and 
water  at  125°,  m-bromobenzoic  acid,  C6H4Br-COOH  (m.p. 
1 55°),  is  formed.  The  o-  and  p-bromobenzoic  acids  are  obtained 
by  oxidising  the  corresponding  bromotoluenes  with  nitric 
acid;  the  former  melts  at  148°,  the  latter  at  251°.  Nitric 
acid,  in  the  presence  of  sulphuric  acid,  acts  readily  on  benzoic 
acid,  m-nitrobenzoic  acid,  C6H4(N02)-C00Ii  (m.p.  142°), 
being  the  principal  product ; o-nitrobenzoic  acid  (m.p.  147°) 
and  jp-nitrobenzoic  acid  (m.p.  240°)  are  obtained  by  the  oxida- 
tion of  o-  and  ji-nitro toluene  respectively  (p.  355) ; when  these 
acids  are  reduced  with  tin  and  hydrochloric  acid,  they  yield 
the  corresponding  amidobenzoic  acids,  C0H4(NH2)-COOTT, 
which,  like  glycine  (part  i.  p.  292),  form  salts  both  with 
acids  and  bases. 

When  heated  with  sulphuric  acid,  benzoic  acid  is  converted  into 
»i-sulphobenzoic  acid,  C0H4(SO3H)-COOH,  small  quantities  of  the 
/>-acid  also  being  produced.  The  o-acid  is  obtained  by  oxidising 
toluene-o-sulphonic  acid  ; when  treated  with  ammonia  it  yields  an 
imide  (p.  420), 

c0TB<coimr  + NH3=  CaH4<^>NII  + 2IBO, 
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which  is  remarkable  for  possessing  an  exceedingly  sweet  taste,  and 
which  comes  into  the  market  under  the  name  of  saccharin. 

The  sulphobenzoic  acids  are  very  soluble  in  water  ; when  fused 
with  potash  they  yield  hydroxy-acids  (p.  433),  just  as  benzene- 
sulphonic  acid  gives  phenol, 

CcII4(S03K)-COOK  + 2KOH  = C6H4(OK)-COOK  + K„SO;t  + IT,0. 

The  three  (o.m.p.)  toluic  acids,  C0H4(CH3)-COOH,  may 
he  produced  by  oxidising  the  corresponding  xylenes  with 
dilute  nitric  acid, 


c6h4(ch8)s  + 30  = c„h4(ch8).cooh  + n2o, 


but  the  o-  and  jp-acids  are  best  prepared  by  converting  the 
corresponding  toluidines  into  the  nitriles  by  Sandmeyer’s 
reaction  (p.  372),  and  then  hydrolysing  with  acids  or  alkalies, 


r TT  <'CH^ 


C H <^^^3 


-> 


C0H,< 


ch3 

COOH. 


As  nz-toluidine  cannot  easily  be  obtained,  and  as  w-xyleno  is 
only  very  slowly  oxidised  by  dilute  nitric  acid,  in  order  to  pre- 
pare ?n-toluic  acid,  wz-xylyl  bromide,  C0H4(CH3)-CH2Br  (b.p. 
215°),  is  first  prepared  by  adding  bromine  (1  mol.)  to  boiling 
??z-xylene  (1  mol.)  ; this  product  is  then  heated  with  sodium 
ethoxide,  in  alcoholic  solution,  to  convert  it  into  m-xylyl  ethyl 
ether,  C0H4(CH3)-CH2-O-C2H5  (b.p.  204°),  a substance  which 
is  readily  oxidised  by  potassium  bichromate  and  sulphuric  acid 
(p.  418),  yielding  m-toluic  add.  The  three  o-,  m-,  p-toluic 
acids  melt  at  103°,  110°,  and  180°  respectively,  and  resemble 
benzoic  acid  very  closely,  but  since  they  contain  a methyl- 
group,  they  have  also  properties  which  are  not  shown  by 
benzoic  acid  ; on  oxidation,  for  example,  they  are  converted 
into  the  corresponding  phthalic  acids,  just  as  toluene  is  trans- 
formed into  benzoic  acid, 


cgh4< 


ch3 

COOH 


+ 30  = C0TT4< 


COOH 

COOIl 


+ H.,0. 


Dibasic  Adds. 

The  most  important  dicarboxylic  acids  are  the  three 
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(o.m.p.)  phthalic  acids,  or  benzenedicarboxylic  acids,  wliicli 
are  represented  by  the  formulae, 


Isoplitlmlic  Acid. 


COOH 


COOH 

Tereplitlialic  Acid. 


These  compounds  may  be  prepared  by  the  oxidation  of  the 
corresponding  dimethylbenzenes  with  dilute  nitric  acid,  or 
more  conveniently  by  treating  the  toluic  acids  with  potassium 
permanganate  in  alkaline  solution, 


+ OO  - CcH,<°°g|  + 2H.0 
c»H4<C00H  + 30  - W<COOH  + H>°- 


They  are  colourless,  crystalline  substances,  and  have  all  the 
ordinary  properties  of  carboxylic  acids.  They  yield  neutral 
and  acid  metallic  salts,  ethereal  salts,  acid  chlorides,  amides, 
&c.,  which  are  similarly  constituted  to,  and  formed  by  the 
same  reactions  as,  those  of  other  dicarboxylic  acids  (part  i. 
pp.  234-238). 

Phthalic  acid,  like  succinic  acid  (part  i.  pp.  234-236), 
yields  an  anhydride  when  strongly  heated, 


but  it  is  very  important  to  notice  that  no  anhydride  of  iso- 
phthalic  acid  or  of  tereplitlialic  acid  can  be  produced  ; it  may, 
in  fact,  be  accepted  as  a general  rule  that  anhydride  formation 
takes  place  only  when  the  two  carboxyl-groups  in  the  benzene 
nucleus  are  in  the  o-position,  never  when  they  occupy  the 
m-  or  ^-position. 
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When  cautiously  heated  with  lime  (1  mol.)  the  jihtlialic 
acids  yield  benzoic  acid, 

c«h*<coCh  = c,h5-cooh  + CO, 


but  if  excess  of  lime  be  employed,  and  the  distillation  con- 
ducted at  a high  temperature,  both  carboxyl-groups  are 
displaced  by  hydrogen,  and  benzene  is  formed, 


cuh4< 


COOH 

COOH 


c«h6 


+ 200, ; 


this  behaviour  clearly  shows  that  these  acids  are  all  diearboxy- 
derivatives  of  benzene. 

When  a trace  of  phthalic  acid  is  heated  with  resorcinol 
and  a drop  of  sulphuric  acid,  fluorescein  (p.  520)  is  produced, 
and  the  reddish-brown  product,  when  dissolved  in  dilute  soda 
and  poured  into  a quantity  of  water,  yields  a magnificently 
fluorescent  solution.  This  reaction  is  shown  by  all  the  o- 
dicarboxylic  acids  of  the  benzene  series,  but  not  by  the  vi- 
and yj-dicarboxylic  acids. 

Phthalic  acid,  C0II4(COOH),2  (benzene-o-dicarboxylic  acid), 
may  be  obtained  by  oxidising  o-xylene  or  o-toluic  acid,  but 
it  is  usually  manufactured  by  the  oxidation  of  naphthalene 
(p.  442)  with  chromic  acid ; for  laboratory  purposes  naphtha- 
lene tetrachloride,  C10HSC14  (p.  450),  is  oxidised  with  nitric 
acid. 

Concentrated  nitric  acid  (sp.  gr.  1-45,  10  parts)  is  gradually 
added  to  naphthalene  tetrachloride  (1  part),  and  the  mixture  heated 
until  a clear  solution  is  produced.  This  is  then  evaporated  to  dry- 
ness, and  the  residue  distilled,  the  phthalic  anhydride  (see  below), 
which  passes  over,  being  reconverted  into  phthalic  acid  by  dissolving 
it  in  dilute  soda  ; the  acid  is  then  precipitated  by  adding  a mineral 
acid,  .and  the  crystalline  precipitate  purified  by  recrystallisation 
from  water. 

Phthalic  acid  crystallises  in  colourless  prisms,  and  melts  at 
184°,  with  formation  of  the  anhydride,  so  that,  if  the  melted 
substance  be  allowed  to  solidify,  and  the  melting-point  again 


426 


CAUBOXYI.IC  ACIDS. 


determined,  it  will  bo  found  to  be  about  128°.  the  meltiim- 
point  of  pbtbalic  anhydride. 

Phtlialic  acid  is  readily  soluble  in  hot  water,  alcohol,  and 
ether,  and  gives  with  metallic  hydroxides  well-characterised 

salts  ; the  barium  salt,  C0H4<^QQ^>Ba,  obtained  as  a white 

precipitate  by  adding  barium  chloride  to  a neutral  solution  of 
the  ammonium  salt,  is  very  sparingly  soluble  in  water. 

Ethyl  pMhalate , C6H4(COOC2H5)2,  is  readily  prepared  by 
saturating  an  alcoholic  solution  of  phtlialic  acid  (or  its  anhy- 
dride) with  hydrogen  chloride.  It  is  a colourless  liquid, 
boiling  at  295°. 

Phthalyl  chloride , CfiII4(COCl)o,  is  prepared  by  heating  phtlialic 
anhydride  (1  mol.)  with  phosphorus  pentaehloride  (1  mol.).  It  is  a 
colourless  oil,  which  boils  at  275°,  and  is  slowly  decomposed  by 
water,  with  regeneration  of  phtlialic  acid.  In  many  of  its  reactions 
it  behaves  as  if  it  had  the  constitution  represented  by  the  formula 

(compare  succinyl  chloride,  part  i.  p.  2.‘17). 

pA 

Phtlialic  anhydride,  CUH4<^(  ^>0,  is  formed  when 

phtlialic  acid  is  distilled.  It  sublimes  readily  in  long  needles, 
melts  at  128°,  boils  at  284°,  and  is  only  very  gradually 
decomposed  by  water,  but  dissolves  readily  in  alkalies,  yielding 
salts  of  phtlialic  acid.  When  heated  in  a stream  of  ammonia 

00 

it  is  converted  into  phthalimide,  CcTI4<CpQ^>NH,  a sub- 
stance which  melts  at  229°,  and  yields  a potassium  derivative, 
C„H(<gg>NK,  on  treatment  with  alcoholic  potash.  There 

is  thus  a great  similarity  between  phtlialimide  and  succini- 
mide  (part  i.  p.  237). 

Isophthalic  acid,  C(;H4(COOII)2  (benzene-m-dicarboxylic 
acid),  is  produced  by  oxidising  m-xylene  or  m-xylyl  diethyl 
ether,  C8H4(CH2-OC2H5)2  (compare  p.  418),  with  nitric  acid 
or  chromic  acid  ; or  from  m-toluie  acid  (p.  423)  by  oxidation 
with  potassium  permanganate  in  alkaline  solution. 
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Tt  crystallises  in  needles,  melts  above  300°,  and  when 
strongly  heated,  sublimes  unchanged ; it  is  very  sparingly 
soluble  in  water.  Methyl  isoplithalate , CcII4(COOCH3)2, 
melts  at  65°. 

Terephthalic  acid,  CeH4(COOII)2  (benzene-p-dicarboxylic 
acid),  is  formed  by  the  oxidation  of  ^-xylene,  j;-toluic  acid, 
and  of  all  di-alkyl  substitution-derivatives  of  benzene,  which, 
like  cymene,  CH3-C0H4-CH(CH3).,,  contain  the  alkyl-groups  in 
the  ^-position.  It  is  best  prepared  by  oxidising  ^-toluic  acid 
(p.  423)  in  alkaline  solution  with  potassium  permanganate. 

Terephthalic  acid  is  almost  insoluble  in  water,  and,  when 
heated,  sublimes  without  melting  ; the  methyl  salt, 
C0H4(COOCH3)2,  melts  at  140°. 

Acids,  such  as  isoplitlialic  acid  and  terephthalic  acid,  which  have  no 
definite  melting-point,  or  which  melt  above  300°,  are  best  identified 
by  conversion  into  their  methyl  salts,  which  generally  crystallise 
well,  and  melt  at  a comparatively  low  temperature. 

For  this  purpose  a centigram  of  the  acid  is  warmed  in  a test 
tube  with  about  three  times  its  weight  of  phosphorus  pentachloride, 
and  the  clear  solution,  which  now  contains  the  chloride  of  the  acid, 
poured  into  excess  of  methyl  alcohol.  As  soon  as  the  vigorous 
reaction  has  subsided,  the  liquid  is  diluted  with  water,  the  crude 
methyl  salt  collected,  recrystallised,  and  its  melting-point  deter- 
mined. 

Plicnylacetic  Arid,  Phenyl  propionic  Acid,  and  their 
Derivatives. 

Many  cases  have  already  been  met  with  in  which  aromatic 
compounds  have  been  found  to  have  certain  properties  similar 
to  those  of  members  of  the  fatty  series,  and  it  has  been 
pointed  out  that  this  is  due  to  the  presence  in  the  former  of 
groups  of  atoms  (side-chains)  which  may  be  considered  as 
fatty  radicles;  benzyl  chloride,  for  example,  has  some  properties 
in  common  with  methyl  chloride,  benzyl  alcohol  with  methyl 
alcohol,  benzylamine  with  methylamine,  and  so  on,  simply 
because  similar  groups  or  radicles  in  a similar  state  of  combin- 
ation confer,  as  a rule,  similar  properties  on  the  compounds 
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in  which  they  occur.  Inasmuch,  however,  as  nearly  all  fatty 
compounds  may  theoretically  be  converted  into  aromatic  com- 
pounds of  the  same  type  by  the  substitution  of  a phenyl  group 
for  hydrogen,  it  follows  that  any  series  of  fatty  compounds 
may  have  its  counterpart  in  the  aromatic  group.  This  is 
well  illustrated  in  the  case  of  the  carboxylic  acids,  because, 
corresponding  with  the  fatty  acids,  there  is  a series  of  aromatic 
acids  which  may  be  regarded  as  derived  from  them  in  the 
manner  just  mentioned : 

Formic  acid,  HCOOH, 

Benzoic  acid,  C0H5-COOH  (phenylformic  acid). 
Acetic  acid,  CH3COOII, 

Plienylacetic  acid,  C0HS-CH.,COOH. 

Propionic  acid,  CHyCHj-COOH, 

Phenylpropionic  acid,  C6H5-CH2-CH«-COOH. 
Butyric  acid,  CH3-CH2*CHa‘COOH, 

Plienylbutyric  acid,  C8H5*CH2-CHa-CHg'COOH. 

With  the  exception  of  benzoic  acid  all  the  above  aromatic 
acids  are  derived  from  the  aromatic  hydrocarbons  by  the  sub- 
stitution of  carboxyl  for  hydrogen  of  the  side-chain.  They 
have  not  only  the  characteristic  properties  of  aromatic  com- 
pounds in  general,  but  also  those  of  fatty  acids,  and,  like  the 
latter,  they  may  bo  converted  into  unsaturated  compounds  by 
loss  of  two  or  more  atoms  of  hydrogen,  giving  rise  to  new 
series,  as  the  following  example  will  show  : 

Propionic  acid,  CH3-CIL-COOH, 

Phenylpropionic  acid,  CnH5-CIIo-CH.,-COOIl. 
Acrylic  acid,  CH2:CH-COOH, 

Phenylacrylic  acid,  CfiTI5'CH:CHCOOH. 
Propiolic  acid,  CHiC-COOH, 

Phenylpropiolic  .acid,  CfiH,-C:C-COOH. 

Preparation. — Aromatic  acids,  containing  the  carboxyl- 
group  in  the  side-chain,  may  be  prepared  by  carefully  oxidis- 
ing the  corresponding  alcohols  and  aldehydes,  and  by  hydro- 
lysing the  nitriles  with  alkalies  or  mineral  acids, 

C8H6-Cir2-CN  + 2H,0  = C0H6.CH2.COOH  + NH„ 


CARBOXYLIC  ACIDS. 


420 


but  these  methods  are  limited  in  application,  owing  to  the 
difficulty  of  obtaining  the  requisite  substances. 

The  most  important  general  methods  are : (a)  By  the  reduc- 
tion of  the  corresponding  unsaturated  acids,  compounds  which 
are  prepared  without  much  difficulty  (p.  430), 

C6H5-GH:CH-COOH  + 2H  = C0H5-CH,-CH2-COOH ; 

and  ( b ) by  treating  the  sodium  compound  of  ethyl  malonate 
or  of  ethyl  acetoacetate  with  the  halogen  derivatives  of  the 
aromatic  hydrocarbons.  As,  in  the  latter  case,  the  pro- 
cedure is  exactly  similar  to  that  employed  in  preparing 
fatty  acids  (part  i.  pp.  189,  194,  and  198),  one  example  only 
need  be  given — namely,  the  synthesis  of  phenylpropionic 
acid. 

The  sodium  compound  of  ethyl  malonate  is  heated  with 
benzyl  chloride,  and  the  ethyl  benzylmalonate  which  is  thus 
produced, 

CgH3-CH2C1  + CHNa(COOC„H5),  = 

C0H5-GH2-CH(COOC2H5)2  + XaCl, 

Ethyl  Benzylmalonate. 

is  hydrolysed  with  alcoholic  potash.  The  benzylmalonic  acid 
is  then  isolated,  and  heated  at  200°,  when  it  is  converted  into 
phenylpropionic  acid,  with  loss  of  carbon  dioxide, 

CuII5-CH2CH(COOH)2  = C0H5-CH2.CH2-COOH  + C02. 

It  should  be  remembered  that  only  those  halogen  derivatives 
in  which  the  halogen  is  in  the  side-chain  can  be  employed  in 
such  syntheses,  because  when  the  halogen  is  united  with  the 
nucleus,  as  in  monochlorotoluene,  C6lI4CbCH3,  for  example, 
no  action  takes  place  (compare  p.  346). 

The  properties  of  two  of  the  most  typical  acids  of  this 
class  are  described  below. 

Phenylacetic  acid,  or  u-toluic  acid,  C6H3-CH2 .COOII,  is  pre- 
pared by  boiling  a solution  of  benzyl  chloride  (1  mol.)  and 
potassium  cyanide  (1  mol.)  in  dilute  alcohol  for  about  three 
hours ; the  benzyl  cyanide  which  is  thus  formed  is  purilied 
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by  fractional  distillation,  and  the  fraction  220-235°  (benzyl 
cyanide  boils  at  232°)  is  hydrolysed  by  boiling  with  dilute 
sulphuric  acid,  the  product  being  purified  by  recrystallisation 
from  water, 

C0H6-CH2C1  — ^ c0h5.cii2.cn  > C0H6-CH2COOH. 

Phenylacetic  acid  melts  at  7G-5°,  boils  at  262°,  and  crystallises 
from  boiling  water  in  glistening  plates ; it  has  an  agreeable, 
characteristic  smell,  and  forms  salts  and  derivatives  just  as 
do  benzoic  and  acetic  acids. 

When  oxidised  with  chromic  acid  it  yields  benzoic  acid,  a 
change  very  different  to  that  undergone  by  the  isomeric  toluic 
acids  (p.  423), 

C6H5.CH2-COOH  + 30  = C0H5.COOH  + co2  + h2o. 

Phenylpropionic  acid,  C0H3-CH2-CH2-COOH  (hydrocinn- 
amie  acid),  is  most  conveniently  prepared  by  reducing 
cinnamic  acid  (see  below)  with  sodium  amalgam, 

CgH5-  CH : CII  • CO  OH  + 211  = C0H5.CII2-CTI2-COOII. 

Synthetically,  it  may  be  obtained  from  the  product  of 
the  action  of  benzyl  chloride  on  the  sodium  compound  of 
ethyl  malonate  (p.  429).  It  crystallises  from  water  in 
needles,  melts  at  47°,  and  distils  at  280°  without  decomposi- 
tion. 

Cinnamic  acid,  or  phenylacrylic  acid,  C0H5-CH:CH-COOn, 
is  closely  related  to  phenylpropionic  acid,  and  is  one  of 
the  best-known  unsaturated  acids  of  the  aromatic  series.  It 
occurs  in  large  quantities  in  storax  ( Styrax  officinalis),  and 
may  be  easily  obtained  from  this  resin  by  warming  it  with 
soda;  the  filtered  aqueous  solution  of  sodium  cinnamate  is 
then  acidified  with  hydrochloric  acid,  and  the  precipitated 
cinnamic  acid  purified  by  recrystallisation  from  boiling 
water. 

Cinnamic  acid  is  usually  prepared  synthetically  by 
heating  benzaldehyde  with  acetic  anhydride  and  anhydrous 
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sodium  acetate,  a process  of  condensation  which  is  most 
simply  expressed  by  the  equation, 

C6H5-CHO  + CHjj-COOH  = C6H5-CH:CH-COOH  + II, 0. 

A mixture  of  benzaldehyde  (3  parts),  acetic  anhydride  (10  parts), 
and  anhydrous  sodium  acetate  (3  parts)  is  heated  to  boiling  in  a 
lla.sk  placed  in  an  oil-bath.  After  about  eight  hours  the  mixture  is 
poured  into  water,  and  distilled  in  steam  to  separate  the  unchanged 
benzaldehyde ; the  residue  is  then  treated  with  caustic  soda,  the 
hot  alkaline  solution  filtered  from  oily  and  tarry  impurities, 
and  acidified  with  hydrochloric  acid,  the  precipitated 
cinnamic  acid  being  purified  by  recrystallisation  from  boiling 
water. 

This  method  (Perkin’s  reaction)  is  a general  one  for  the  prepara- 
tion of  unsaturated  aromatic  acids,  as  by  employing  the  anhydrides 
and  sodium  salts  of  other  fatty  acids,  homologues  of  cinnamic  acid 
are  obtained.  When,  for  example,  benzaldehyde  is  treated  with 
sodium  propionate  and  propionic  anhydride,  phenylmcthylacrylic 
acid  [a-methylcinnaviic  acid),  CuH5-CH:C(CH,)-COOH,  is  formed  ; 
phenylisocrotonic  acid,  C6H5.CH:CH-CH2-COOH,  is  not  obtained 
by'  this  reaction,  because  condensation  always  takes  place  between 
the  aldehyde  oxygen  atom  and  the  hydrogen  atoms  of  that 
-CH»-  group,  which  is  directly'  united  with  the  carboxyl-radicle. 

Phenylisocrotonic  acid  may,  however,  be  prepared  by  heating 
benzaldehyde  with  a mixture  of  sodium  succinate  and  succinic 
anhydride, 

CgHj-CHO  + COOHCH2-CH.,-COOH  = 

CaH5-CH:CHCH2.COOH  + C02  + ILO. 

It  is  a colourless,  crystalline  substance,  which  melts  at  80",  and 
boils  at  302°;  at  its  boiling-point  it  is  gradually  converted  into 
a-naphthol  and  water  (p.  4.33). 

Cinnamic  acid  crystallises  from  water  in  needles,  and  melts 
at  133°.  Its  chemical  behaviour  is  in  many  respects  similar 
to  that  of  acrylic  acid  and  other  unsaturated  fatty  acids ; it 
combines  directly  with  bromine,  for  example,  yielding 
phenyl  afS-dihromopropiouic  acid,  C6II5-CHBr'CHBr-COOH, 
and  with  hydrobromic  acid,  giving  phr.nyl-fi-bromopropionic 
acid,  C,;I B/CHBr. CII2- COO II ; on  reduction  with  sodium 
amalgam  it  is  converted  into  phenyl  propionic  acid  ([>.  430), 
just  as  acrylic  acid  is  transformed  into  propionic  acid. 
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When  distilled  with  lime,  cinnamic  acid  is  decomposed  into 
carbon  dioxide,  and  phenylethylene  or  styrulcne,*  just  as 
benzoic  acid  yields  benzene, 

C6H6  • CH  :CH  • COOII  = G0H5-CH:CH2  + C02. 

Concentrated  nitric  acid  converts  cinnamic  acid  into  a mix- 
ture of  about  equal  quantities  of  o-  and  p-nitrocinnamic  acids, 
C0H4(NO2)-CH:CH-COOH,  which  may  be  separated  by  con- 
version into  their  ethyl  salts,  C6H4(NO,)-CH:CH-COOC2H5 
(by  means  of  alcohol  and  hydrogen  chloride),  and  recrystallis- 
ing these  from  alcohol,  the  sparingly  soluble  ethyl  salt  of  the 
jo-acid  being  readily  separated  from  the  readily  soluble  ethyl 
o-nitrocinnamate.  From  the  pure  ethyl  salts  the  acids  are 
then  regenerated  by  hydrolysing  with  dilute  sulphuric  acid. 
They  resemble  cinnamic  acid  closely  in  properties,  and  combine 
directly  with  bromine,  yielding  the  corresponding  nitrophenyl- 
dibromopropionic  acids,  C6H4(N0o)-CHBr-CHBr-C00H. 

Phenylpropiolic  acid,  C6H5-C  iC-COOH,  is  obtained  by  treating 
phenyldibromopropionic  acid,  or,  better,  its  ethyl  salt,  with  alcoholic 
potash, 

C6H5-CHBr-CHBr-COOH  = C0H5-C:CCOOH  + 2HBr, 

a method  which  is  exactly  similar  to  that  employed  in  preparing 
acetylene  by  the  action  of  alcoholic  potash  on  ethylene  dibroniide. 
It  melts  at  137°,  and  at  higher  temperatures,  or  when  heated  with 
water  at  120°,  it  decomposes  into  carbon  dioxide  and  phcnylacctylcne, 
a colourless  liquid,  which  boils  at  140°,  and  is  closely  related  to 
acetylene  in  chemical  properties, 

C0H5-C  IC-COOH  = C6H,.C;CH  + C02. 

o-Nitrophcnylpropiolic  acid,  C6H4(N02)-C:  C-COOH,  maybe  simi- 
larly prepared  from  o-nitrophenyldibromopropionie  acid ; it  is  a 
substance  of  great  interest,  as  when  treated  with  reducing  agents, 

* Styrolenc,  CBH5-CH:CH2,  may  bo  taken  as  a typical  example  of  an 
aromatic  hydrocarbon  containing  an  unsaturated  side-chain.  It  is  a 
colourless  liquid  which  boils  at  145°,  and  in  chemical  properties  shows  the 
closest  resemblance  to  ethylene,  of  which  it  is  the  phenyl  substitution 
product.  With  bromine,  for  example,  it  yields  a dibromadditive 
product,  CgH5'CHBr-CH2Br  (dibromethylbenzene),  and  when  heated  with 
liydriodic  acid,  it  is  reduced  to  ethylbenzene,  C6H5-CH2'CH3. 
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such  as  hydrogen  sulphide,  or  grape-sugar  and  potash,  it  is  con- 
verted into  indigo  blue  (Baeyer), 

2C6H4<££COOH  + 4H  = C16H10NsO3  + 2C0o  + 2H..O. 

This  method  of  preparation,  however,  is  not  of  technical  value, 
owing  to  the  high  price  of  phenylpropiolic  acid. 


C H APTE  It  X X I X. 

HYDROXYCARBOXYLIC  ACIDS. 

The  hydroxy-acids  of  the  aromatic  series  are  derived  from 
benzoic  acid  and  its  homologues,  by  the  substitution  of 
hydroxyl-groups  for  hydrogen  atoms,  just  as  glycollic  acid, 
for  example,  is  derived  from  acetic  acid  (part  i.  p.  225) ; like 
the  simple  hydroxy-derivatives  of  the  hydrocarbons,  they  may 
be  divided  into  two  classes,  according  as  the  hydroxyl-group  is 
united  witli  carbon  of  the  nucleus  or  of  the  side-chain.  In 
the  first  case  the  hydroxyl-group  has  the  same  character 
as  in  phenols,  and  consequently  hydroxy-acids,  of  this  class, 
as,  for  example,  the  three  (o.m.p.)  hydroxybenzoic  acids, 
C6H4(OH)-COOH,  are  both  phenols  and  carboxylic  acids ; in 
the  second  case,  however,  the  hydroxyl-group  has  the  same 
character  as  in  alcohols,  so  that  the  compounds  of  this  class, 
such  as  mandelic  acid,  C0H5-CH(OH)-COOTI,  have  properties 
closely  resembling  those  of  the  fatty  hydroxy-acids;  in  other 
words,  the  differences  between  the  two  classes  of  aromatic 
hydroxy-acids  are  practically  the  same  as  those  between 
phenols  and  alcohols. 

As  those  acids,  which  contain  the  hydroxyl-group  united 
with  carbon  of  the  nucleus,  form  by  far  the  more  important 
class,  the  following  statements  refer  to  them  only,  except 
where  stated  to  the  contrary. 

Preparation. — The  hydroxy-acids  may  bo  prepared  from 
the  simple  carboxylic  acids,  by  reactions  exactly  similar  to 
those  employed  in  the  preparation  of  phenols  from  hydro- 
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carbons ; that  is  to  say,  the  acids  are  converted  into  nitro- 
compounds, then  into  amido-compounds,  and  the  latter  are 
treated  with  nitrous  acid  in  the  usual  manner, 


C6H6-COOH 


-> 


C0H 


/COOH 

4<SN02  > 


p tt  /COOH 
‘ xOH, 


p TT  /COOH 


■> 


or,  the  acids  are  heated  with  sulphuric  acid,  and  the  sulplionic 
acids  obtained  in  this  way  are  fused  with  potash, 


c0ii5-cooh 


C„H(< 


COOH 
SO,H  ' 


C,Ht< 


COOH 

OH. 


It  must  be  borne  in  mind,  however,  that  as  the  carboxyl- 
group  of  the  acid  determines  the  position  taken  up  by  the 
nitro-  and  sulphonio-groups  (p.  352),  only  the  7«e/a-hydroxy- 
compounds  are  conveniently  prepared  in  this  way  directly 
from  the  carboxylic  acids. 

The  ori/to-hydroxy-acids,  and  in  some  cases  the  meta-  and 
para-compounds,  are  most  conveniently  prepared  from  the 
phenols  by  one  of  the  following  methods  : 

The  dry  sodium  compound  of  the  phenol  is  heated  at  about 
200°  in  a stream  of  carbon  dioxide, 

2CGH,.()Xa  + C02  = C0H4<g°°Na  + C^-OH. 


Under  these  conditions  half  the  phenol  distils  over  and  is  re- 
covered ; but  if  the  sodium  compound  he  first  saturated  with  carbon 
dioxide  under  pressure,  it  is  converted  into  an  aromatic  deriva- 
tive of  carbonic  acid,  which,  when  heated  at  about  130°  under 
pressure,  is  completely  transformed  into  a salt  of  the  hydroxy-acid, 
by  molecular  change, 

C0H0-ONa  + C02  = CGH50-C00Na  = C6H4<^QjjONa 

Sodium  Plienylcarbonatc.  , 

Many  dihydric  and  trihydric  phenols  may  be  converted 
into  the  corresponding  hydroxy-acids,  simply  by  heating  them 
with  ammonium  carbonate  or  potassium  bicarbonate ; when 
resorcinol,  for  example,  is  treated  in  this  way,  it  yields  a 
mixture  of  isomeric  resorcylic  acids,  C0H3(OH)2-COOH. 
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The  second  general  method  of  preparing  hydroxy-acids 
from  phenols  consists  in  boiling  a strongly  alkaline  solution 
of  the  phenol  with  carbon  tetrachloride ; the  principal  product 
is  the  ortho-acid,  but  varying  proportions  of  the  para- acid  are 
also  formed, 


C0H5-ONa  + CC14  + 5NaOH  = 


n ,r  ^COONa 

U6H4\ONa 


+ 4NaCl  + 3H20. 


After  the  substances  liave  been  heated  together  for  some  hours, 
the  unchanged  carbon  tetrachloride  is  distilled  off,  the  residue 
acidified,  and  the  solution  extracted  with  ether ; the  crude  acid, 
obtained  on  evaporating  the  ethereal  solution,  is  then  separated 
from  unchanged  phenol  by  dissolving  it  in  sodium  carbonate,  re- 
precipitated with  a mineral  acid,  and  purified  by  recrystallisation. 

The  above  method  is  clearly  analogous  to  Reimer’s  reaction 
(p.  409),  and  the  changes  which  occur  during  the  process  may  lie 
assumed  to  be  indicated  by  the  following  equations,  in  which  water 
is  represented  instead  of  soda  for  tiie  sake  of  simplicity  : 

C0H5-OH  + CC14  = c8h4<^oh8  + HC1 


C6H4<OH3  + 3II^°  = C6Hj<qh  H)a  + 3HC1 

c«h4hH)i  = c6h4<co°h  + 2H  0 


Properties. — The  hydroxy-aciils  are  colourless,  crystalline 
substances,  more  readily  soluble  in  water  and  less  volatile 
than  the  acids  from  which  they  are  derived;  many  of  them 
undergo  decomposition  on  distillation,  carbon  dioxide  being 
evolved ; when  heated  with  lime  they  are  completely  decom- 
posed, with  formation  of  phenols, 

c«H4<OH  ,H  - C„H„OH  + CO, 
C0H3(OH)2.COOH  = C0H4(OH)2  + co2. 

The  o-acids,  as,  for  example,  salicylic  acid,  give,  in  neutral 
solution,  a violet  colouration  with  ferric  chloride,  whereas  the 
m-  and  y>hydroxy-acids,  such  as  the  in-  and  jj-hydroxybenzoie 
acids,  give  no  colouration. 
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The  chemical  properties  of  the  hydroxy-acids  will  be  readily 
understood,  when  it  is  remembered  that  they  are  both  phenols 
and  carboxylic  acids.  As  carboxylic  acids  they  form  salts  by 
the  displacement  of  the  hydrogen  atom  of  the  carboxyl-group, 
such  salts  being  obtained  on  treating  with  carbonates  or  with 
the  calculated  quantity  of  the  metallic  hydroxide;  when, 
however,  excess  of  alkali  hydroxide  is  employed,  the  hydrogen 
of  the  liydroxyl-group  is  also  displaced,  just  as  in  phenols. 
It  is  clear,  therefore,  that  hydroxy-acids  form  both  mono-  and 
di-metallic  salts,  salicylic  acid,  for  example,  yielding  the  two 
sodium  salts,  C0H4(OH)-COONa  and  CeH4(ONa)-COONa. 

The  di-metallic  salts  are  decomposed  by  carbon  dioxide, 
with  formation  of  mono-metallic  salts,  just  as  the  plienates 
are  resolved  into  the  phenols ; the  metal  in  combination  with 
the  carboxyl-group,  however,  cannot  be  displaced  in  this  way. 

The  ethereal  salts  of  the  hydroxy-acids  are  prepared  in  the 
usual  manner — namely,  by  saturating  a solution  of  the  acid  in 
the  alcohol  with  hydrogen  chloride  (part  i.  p.  187) ; by  this 
treatment  the  hydrogen  of  the  carboxyl-group  only  is 
displaced,  normal  ethereal  salts,  such  as  methyl  salicylate, 
C0H4(OII)-COOCH3,  being  formed;  these  compounds  have 
still  phenolic  properties,  and  dissolve  in  caustic  alkalies,  form- 
ing metallic  derivatives,  such  as  methyl  polassiosalicylate, 
C0Ii4(OK)-COOCHg,  which,  when  heated  with  alkyl  halogen 
compounds,  yield  alkyl-derivatives,  such  as  methyl  methyl- 
salicylate,  CcH4(OCH3)-COOCH3.  On  hydrolysing  di-alkyl 
compounds  of  this  kind  with  alcoholic  potash,  only  the  alkyl 
of  the  carboxyl-group  is  removed,  methyl  methylsalicylate,  for 
example,  yielding  the  potassium  salt  of  methylsalicylic  acid, 


The  other  alkyl-group  is  not  eliminated  oven  on  boiling 
with  alkalies,  a behaviour  which  corresponds  with  that  of 
the  alkyl-group  in  derivatives  of  phenols,  such  as  anisole, 
CeH5-OCH3  (p.  392) ; just,  however,  as  anisole  is  decomposed 


r,  TT  /COOCH, 
C6H4<vnpTr 


'e^^oCHg 


3 + KOII  = C 


+ CH3-OII. 
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into  phenol  and  methyl  iodide  when  heated  with  hydriodic 
acid,  so  methylsalicylic  acid  under  similar  conditions  yields 
the  hydroxy-acid, 


r IT  /COOH 


+ HI  = C0H4< 


COOII 

OH 


+ CHgl. 


Salicylic  acid,  or  o-hydroxybenzoic  acid,  CcII4(OH)-COOH, 
occurs  in  the  blossom  of  Spiraea  ulmaria,  and  is  also  found 
in  considerable  quantities,  as  methyl  salicylate,  in  oil  of 
wintergreen  ( Gaultheria  procumbens).  It  used  to  be  pre- 
pared, especially  for  pharmaceutical  purposes,  by  hydrolysing 
this  oil  with  potash ; after  boiling  off  the  methyl  alcohol 
(part  i.  p.  88),  the  solution  is  acidified  with  dilute  sulphuric 
acid,  and  the  precipitated  salicylic  acid  purified  by  recrystal- 
lisation from  water. 

Salicylic  acid  may  be  obtained  by  oxidising  salicylalde- 
hyde  (p.  409)  or  salicylic  alcohol  (saligenin,  p.  404)  with 
chromic  acid,  by  treating  o-amidobenzoic  acid  (anthranilic 
acid)  with  nitrous  acid,  and  also  by  boiling  phenol  with  soda 
and  carbon  tetrachloride. 

It  is  now  prepared  on  the  large  scale  by  treating  sodium 
phenate  with  carbon  dioxide  under  pressure,  and  then  heating 
the  sodium  phenylcarbonate,  G6fl5-0-C00Na,  which  is  thus 
formed,  at  120-140°  under  pressure,  when  it  undergoes  intra- 
molecular change  into  sodium  salicylate  (p.  434). 

Salicylic  acid  is  sparingly  soluble  in  cold  (1  in  400  parts  at 
15°),  but  readily  in  hot,  water,  from  which  it  crystallises  in 
needles,  melting  at  156°;  its  neutral  solutions  give  with  ferric 
chloride  an  intense  violet  colouration.  When  rapidly  heated 
it  sublimes,  and  only  slight  decomposition  occurs  ; but  when 
distilled  slowly,  a large  proportion  decomposes  into  phenol 
and  carbon  dioxide,  this  change  being  complete  if  the  acid  be 
distilled  with  lime.  All  these  properties  serve  for  the  detec- 
tion of  salicylic  acid. 

Salicylic  acid  is  a powerful  antiseptic,  and,  as  it  has  no 
smell,  it  is  frequently  used  as  a disinfectant  instead  of 
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phenol ; it  is  also  extensively  employed  in  medicine  and  as  a 
food  preservative.  The  mono-metallic  salts  of  salicylic  acid, 
as,  for  example,  potassium  salicylate,  CcH4(OH)-COOK,  and 
calcium  salicylate,  {C0H4(OH)-COO}2Ca,  are  prepared  by 
neutralising  a hot  aqueous  solution  of  the  acid  with  metallic 
carbonates;  they  are,  as  a rule,  soluble  in  water.  The  di- 

metallic  salts,  such  as  C6H4(OK)>COOK  and  C,jTI4<Cqqq> Ha, 

are  obtained  in  a similar  manner,  employing  excess  of  the 
metallic  hydroxides ; with  the  exception  of  the  salts  of  the 
alkali  metals,  these  di-metallic  compounds  are  insoluble;  they 
are  all  decomposed  by  carbon  dioxide,  with  formation  of  the 
mono-metallic  salts, 

coH4<ok°K  + C02  + II20  = C6H4<Sr  + KHC°3- 

Methyl  salicylate,  C0H4(OH)-COOCH3,  prepared  in  the 
manner  described  (p.  436),  or  by  distilling  a mixture  of  salicylic 
acid,  methyl  alcohol,  and  sulphuric  acid  (part  i.  p.  188),  is  an 
agreeably-smelling  oil,  boiling  at  224° ; ethyl  salicylate, 
C0H4(OII)-COOC2H6,  boils  at  223°. 

Methyl  methylsalicylate,  CliTT4(OCH.!)-COOCH.!,  is  formed  when 
methyl  salicylate  is  heated  with  methyl  iodide  and  alcoholic  potash 
(l  mol.) ; it  is  an  oil  boiling  at  228°. 

Methyl  salicylic  acid,  C6H4(OCH3)-COOH,  is  obtained  when  its 
methyl  salt  is  hydrolysed  with  potash;  it  is  a crystalline  substance, 
melting  at  98-5°,  and  when  heated  with  hydriodic  acid  it  is  de- 
composed, giving  salicylic  acid  and  methyl  iodide ; the  other 
halogen  acids  have  a similar  action. 

m-Hydroxybenzoic  acid  is  prepared  by  fusing  ?n-sulphobenzoic 
acid  with  potash,  and  also  by  the  action  of  nitrons  acid  on 
m-amidobenzoic  acid  (p.  422).  It  melts  at  200°,  gives  no  coloura- 
tion with  ferric  chloride,  and  when  distilled  with  lime  it  is  decom- 
posed into  phenol  and  carbon  dioxide. 

p-IIydroxybcnzoic  acid  is  formed,  together  with  salicylic  acid,  by 
the  action  of  carbon  tetrachloride  and  soda  on  phenol ; it  may  also 
be  obtained  from  p-sulphobenzoic  acid  by  fusion  with  potash,  or  by 
the  action  of  nitrous  acid  on^-amidobenzoic  acid. 

It  is  prepared  by  heating  potassium  phenatc  in  a stream  of  carbon 
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dioxide  at  220 1 as  long  as  phenol  distils  over ; if,  however,  the 
temperature  he  kept  below  150°,  potassium  salicylate  is  formed  ; the 
residue  is  dissolved  in  water,  the  acid  precipitated  from  the 
filtered  solution  by  adding  hydrochloric  acid,  and  purified  by  re- 
crystallisation  from  water.  p-Hydroxybenzoic  acid  melts  at  210°, 
and  is  completely  decomposed  on  distillation  into  phenol  and 
carbon  dioxide ; its  aqueous  solution  gives  no  colouration  with 
ferric  chloride. 

Anisic  acid,  p-methoxybenzoic  acid,  C0H4(OCII3)-COOIT,  is 
obtained  by  oxidising  anethole,  CcH4(OCH3)-CH:CH-CH3  (the 
principal  constituent  of  oil  of  aniseed)  with  chromic  acid,  when 
the  group -CH:CH-CH3  is  converted  into  -COOH  (p.  410)  ; it 
may  also  be  prepared  from  p-hydroxy  benzoic  acid  by  a series 
of  reactions  analogous  to  those  employed  in  the  formation  of 
methylsalicylic  acid  from  salicylic  acid  (see  above).  Anisic 
acid  melts  at  185°,  and  when  distilled  with  lime  it  is  decom- 
posed, with  formation  of  anisole  (p.  392)  ; when  heated  with 
fuming  hydriodic  acid,  it  yields  p-hydroxybenzoic  acid  and 
methyl  iodide. 

There  are  six  d ih yd roxy benzoic  acids,  C6H3(OH)2-COOH, 
two  of  which  are  derived  from  catechol,  three  from  resorcinol, 
and  one  from  hydroquinone  ; the  most  important  of  these  is 
protocatechuic  acid,  [OH:OH:COOH  = 1:2:4],  one  of  the 
two  isomeric  catecholcarboxylic  acids.  This  compound  is 
formed  on  fusing  many  resins,  such  as  catechu  and  gum 
benzoin,  and  also  certain  alkaloids,  with  potash,  and  it  may 
be  prepared  synthetically  by  heating  catechol  with  water  and 
ammonium  carbonate  at  140°. 

It  crystallises  from  water,  in  which  it  is  very  soluble,  in 
needles,  melts  at  199°,  and  when  strongly  heated  it  is  decom- 
posed into  catechol  and  carbon  dioxide ; its  aqueous  solution 
gives  with  ferric  chloride  a green  solution,  which  becomes 
violet  and  then  red  on  the  addition  of  sodium  bicarbonate. 

Gallic  acid,  or  pyrogallolcarhoxylic  acid, 

C6H2(OH)3.COOH  [OII:OII:OH:COOH  = 1:2: 3:5], 
is  a trihydroxybonzoic  acid  ; it,  occurs  in  gall-nuts,  tea,  and 
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many  other  vegetable  products,  and  is  best  prepared  by  boiling 
tannin  (see  below)  with  dilute  acids.  It  crystallises  in 
needles,  and  melts  at  220°,  being  at  the  same  time  resolved  into 
pyrogallol  (p.  400)  and  carbon  dioxide  ; it  is  readily  soluble 
in  water,  and  its  aqueous  solution  gives  with  ferric  chloride  a 
bluish-black  precipitate.  Gallic  acid  is  a strong  reducing 
agent,  and  precipitates  gold,  silver,  and  platinum  from  solutions 
of  their  salts. 

Tannin,  digallic  acid,  or  tannic  acid,  CI4H10O9,  occurs  in 
large  quantities  in  gall-nuts,  and  in  all  kinds  of  bark,  from 
which  it  may  be  extracted  with  boiling  water.  It  is  an 
almost  colourless,  amorphous  substance,  and  is  readily  soluble 
in  water ; its  solution  possesses  a very  astringent  taste,  and 
gives  with  ferric  chloride  an  intense  dark-blue  solution,  for 
which  reason  tannin  is  largely  used  in  the  manufacture  of 
inks. 

When  boiled  with  dilute  sulphuric  acid,  tannin  is  completely 
converted  into  gallic  acid,  a fact  which  shows  that  it  is  the 
anhydride  of  this  acid, 

C14H]0O9  + H20  = 2C7Hf)05. 

Tannin  is  used  largely  in  dyeing  as  a mordant,  owing  to  its 
property  of  forming  insoluble  coloured  compounds  with  many 
dyes.  It  is  also  extensively  employed  in  ‘ tanning when 
animal  skin  or  membrane  is  placed  in  a solution  of  tannin,  or 
in  contact  with  moist  bark  containing  tannin,  it  absorbs 
and  combines  with  the  tannin,  and  is  converted  into  a 
much  tougher  material ; such  tanned  skins  constitute 
leather. 

Mandelic  acid,  CcH5-CH(OH)-COOH  (phenylglycollic  acid), 
is  an  example  of  an  aromatic  hydroxy-acid  containing  the 
hydroxyl-group  in  the  side-chain.  It  may  be  obtained  by 
boiling  amygdalin  (which  yields  benzaldehyde,  hydrogen 
cyanide,  and  glucose,  p.  405)  with  hydrochloric  acid,  but  it 
is  usually  prepared  by  treating  benzaldehyde  with  hydrocyanic 
acid  and  hydrolysing  the  resulting  hydroxycyanide,  a method 
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analogous  to  that  employed  in  the  synthesis  of  lactic  acid  from 
aldehyde  (part  i.  p.  139), 

C6H5-CHO  + HCN  = C0H5.CH(OH)-CN 
CcH5.CH(OH)-CN  + 2HaO  = C6H5.CH(OH)-COOH  + NH3. 

Mandelic  acid  melts  at  133°,  is  moderately  soluble  in  water, 
and  shows  in  many  respects  the  greatest  resemblance  to  lactic 
acid  (methylglycollic  acid)  ; when  heated  with  hydriodic 
acid,  for  example,  it  is  reduced  to  plienylacetic  acid  (p.  429), 
just  as  lactic  acid  is  reduced  to  propionic  acid  (part  i.  p.  227), 

C0H5-CH(OH)-COOH  + 2HI  = CcH5-CH2-COOH  + I2  + H20. 

The  character  of  the  liydroxyl-group  in  mandelic  acid  is,  in 
fact,  quite  similar  to  that  of  the  liydroxyl-group  in  the  fatty 
hydroxy-acids  and  in  the  alcohols,  so  that  there  are  many 
points  of  difference  between  mandelic  acid  and  acids,  such  as 
salicylic  acid,  which  contain  the  liydroxyl-group  united  with 
carbon  of  the  nucleus ; when,  for  example,  ethyl  mandelate, 
C6H5-CH(OH)-COOC2H5,  is  treated  with  caustic  alkalies,  it 
does  not  yield  an  alkali  derivative,  although  the  hydrogen  of 
the  liydroxyl-group  is  displaced  on  treating  with  sodium  or 
potassium. 

Mandelic  acid,  like  lactic  acid,  contains  an  asymmetric 
carbon  atom  (p.  533),  and  can,  therefore,  exist  in  three 
optically  different  forms.  The  synthetical  acid  is  optically 
inactive — that  is  to  say,  it  is  a mixture  of  the  dextro-  and  levo- 
rotatory  acids,  but  the  acid  prepared  from  amygdalin  is  levo- 
rotatory.  The  dextro-rotatory  acid  may  be  obtained  by 
growing  the  organism  Penicillium  (jlaucum  in  a solution  of 
the  inactive  acid  under  suitable  conditions,  when  the  levo- 
rotatory  acid  is  destroyed,  the  dextro-rotatory  acid  remaining 
(p.  544). 
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CHAPTER  XXX. 

NAPHTHALENE  AND  ITS  DERIVATIVES. 

Ail  the  aromatic  hydrocarbons  hitherto  described,  with  the 
exception  of  diphenyl,  diphenylmethane,  and  triplienylmethane 
(p.  340),  contain  only  one  closed-chain  of  six  carbon  atoms,  and 
are  very  closely  and  directly  related  to  benzene  ; most  of  them 
may  bo  prepared  from  benzene  by  comparatively  simple 
reactions,  and  reconverted  into  this  hydrocarbon,  perhaps 
even  more  readily,  so  that  they  may  all  be  classed  as  simple 
benzene  derivatives.  The  exceptions  just  mentioned  are 
also,  strictly  speaking,  derivatives  of  benzene,  although  at  the 
same  time  they  may  be  regarded  as  hydrocarbons  of  quite 
another  class,  since  diphenyl  and  diphenylmethane  contain 
two,  and  triplienylmethane  three,  closed-chains  of  six  carbon 
atoms.  There  are,  in  fact,  numerous  classes  or  types  of 
aromatic  hydrocarbons,  and,  just  as  benzene  is  the  first 
member  of  a homologous  scries  and  the  parent  substance  of 
a vast  number  of  derivatives,  so  also  these  other  hydrocarbons 
form  the  starting-points  of  new  homologous  series  and  of 
derivatives  of  a different  type. 

The  hydrocarbons  naphthalene  and  anthracene,  which  are 
now  to  be  described,  are  perhaps  second  only  to  benzene  in 
importance  ; each  forms  the  starting-point  of  a great  number 
of  compounds,  many  of  which  are  extensively  employed  in  the 
manufacture  of  dyes. 

Naphthalene,  C10IIS,  occurs  in  coal-tar  in  larger  quantities 
than  any  other  hydrocarbon,  and  is  easily  isolated  from  this 
source  in  a pure  condition ; the  crystals  of  crude  naphthalene, 
which  are  deposited  on  cooling  from  the  fraction  of  coal-tar 
passing  over  between  1 70  and  230°  (p.  297),  are  first  pressed  to 
get  rid  of  liquid  impurities,  and  then  warmed  with  a small 
quantity  of  concentrated  sulphuric  acid,  which  converts  most 
of  the  foreign  substances  into  non-volatile  sulphonic  acids ; 
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the  naphthalene  is  then  distilled  in  steam,  or  sublimed,  and 
is  thus  obtained  almost  chemically  pure. 

Naphthalene  crystallises  in  large,  lustrous  plates,  melts  at 
80°,  and  boils  at  218°.  It  has  a highly  characteristic  smell, 
and  is  extraordinarily  volatile,  considering  its  high  molecular 
weight,  so  much  so,  in  fact,  that  only  part  of  the  naphtha- 
lene in  crude  coal-gas  is  deposited  in  the  condensers  (p.  295), 
the  rest  being  carried  forward  into  the  purifiers,  and  even 
into  the  gas-mains,  in  which  it  is  deposited  in  crystals  in 
cold  weather,  principally  at  the  bends  of  the  pipes,  frequently 
causing  stoppages.  It  is  insoluble  in  water,  but  dissolves 
freely  in  hot  alcohol  and  ether,  from  either  of  which  it 
may  be  crystallised.  Like  many  other  aromatic  hydrocarbons, 
it  combines  with  picric  acid,  when  the  two  substances  are 
dissolved  together  in  alcohol,  forming  naphthalene  picrate,  a 
yellow  crystalline  compound  of  the  composition, 

C10H8,C6H2(NO2)3-OH, 
which  melts  at  149°. 

As  the  vapour  of  naphthalene  burns  with  a highly  luminous 
flame,  the  hydrocarbon  is  used  to  some  extent  for  carburetting 
coal-gas — that  is  to  say,  for  increasing  its  illuminating  power ; 
for  this  purpose  the  gas  is  passed  through  a vessel  which 
contains  coarsely-powdered  naphthalene,  gently  heated  by 
the  gas  flame,  so  that  the  hydrocarbon  volatilises  and 
burns  with  the  gas.  The  principal  use  of  naphthalene, 
however,  is  for  the  manufacture  of  a number  of  derivatives 
which  are  employed  in  the  colour  industry. 

Constitution. — Naphthalene  has  the  characteristic  properties 
of  an  aromatic  compound — that  is  to  say,  its  behaviour  under 
various  conditions  is  similar  to  that  of  benzene  and  its 
derivatives,  and  different  from  that  of  fatty  compounds  ; 
when  treated  with  nitric  acid,  for  example,  it  yields  a 
nitro-derivative,  and  with  sulphuric  acid  it  gives  sulphonic 
acids.  This  similarity  between  benzene  and  naphthalene  at 
once  suggests  a resemblance  in  constitution,  a view  which  is 
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confirmed  by  the  fact  that  naphthalene,  like  benzene,  is  a very 
stable  substance,  and  is  resolved  into  simpler  substances  only 
with  difficulty.  When,  however,  naphthalene  is  boiled  with 
dilute  nitric  or  chromic  acid,  it  is  slowly  oxidised,  yielding 
carbon  dioxide  and  (oi7/m)-pbtbalic  acid,  C0II4(COOH)2. 

Now  the  formation  of  phthalic  acid  in  this  way  is  a fact  of 
very  great  importance,  since  it  is  a proof  that  naphthalene 
contains  the  group, 


that  is  to  say,  that  it  contains  a benzene  nucleus  to  which  two 
carbon  atoms  are  united  in  the  ortho-position  to  one  another. 
Nevertheless,  further  evidence  is  required  in  order  to  arrive  at 
the  constitution  of  the  hydrocarbon,  since  there  are  still  two 
carbon  and  four  hydrogen  atoms  to  be  accounted  for,  and 
there  are  many  different  ways  in  which  these  might  be  united 

with  the  C6H4<\q  group. 

Clearly,  therefore,  it  is  important  to  ascertain  the  structure 
of  that  part  of  the  naphthalene  molecule  which  has  been  oxi- 
dised to  carbon  dioxide  and  water — to  obtain,  if  possible,  some 
simple  decomposition  product  in  which  these  carbon  and  hydro- 
gen atoms  are  retained  in  their  original  state  of  combination. 

Now  this  can  be  done  in  the  following  way  : When 

nitronaphthalene,  C10H7-NOg,  a simple  mono-substitution 
product  of  the  hydrocarbon,  is  boiled  with  dilute  nitric  acid, 
it  yields  nitrophthalic  acid,  C(;II.i(N0.7)(C00H)2 ; therefore, 
again,  naphthalene  contains  a benzene  nucleus,  and  the  nitro- 
group  in  nitronaphthalene  is  combined  with  this  nucleus. 
If,  however,  the  same  nitronaphthalene  be  reduced  to  amido- 
naphthelene,  C10H7-NII2,  and  the  latter  oxidised,  phthalic 
acid  (and  not  amidophthalic  acid)  is  obtained ; this  fact  can 
only  be  explained  by  assuming  either  that  the  benzene  nucleus, 
which  is  known  to  be  united  with  the  amido-group,  has  been 
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destroyed,  or  that  the  amido-group  lias  been  displaced  by 
hydrogen  during  oxidation.  Since,  however,  the  latter 
alternative  is  contrary  to  all  experience,  the  former  must  be 
accepted,  and  it  is  clear  that  the  benzene  nucleus  which  is 
contained  in  the  oxidation  product  of  amidonaphthalene  is 
not  the  same  as  that  present  in  the  oxidation  product  of 
nitronaphthalene;  in  other  words,  different  parts  of  the 
naphthalene  molecule  have  been  oxidised  to  carbon  dioxide 
and  water  in  the  two  cases,  and  yet  in  both  the  group 

C,H4<°  remains.  The  constitution  of  naphthalene  must 


therefore  be  expressed  by  the  formula 

CH  CH 


CH  CH 


This  will  be  evident  if  the  above  changes  be  expressed 
>vith  the  aid  of  this  formula.  When  nitronaphthalene  is 
oxidised,  the  nucleus  B (see  below),  which  does  not  contain 
the  nitro-group,  is  destroyed,  as  indicated  by  the  dotted 
lines,  the  product  being  nitrophthalic  acid ; when,  on  the 
other  hand,  amidonaphthalene  is  oxidised,  the  nucleus  A, 
combined  with  the  amido-group,  is  attacked  and  destroyed 
in  preference  to  the  other,  and  phthalic  acid  is  formed, 


NO., 


Naphthalene. 


Nitronaphthalene. 


Nitrophthalic  Acid. 


ihe  constitution  of  naphthalene  was  first  established  in  this 
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way  by  Graebe  in  1860,  although  the  above  formula  had 
been  suggested  by  Erleninoyor  as  early  as  1866;  that  the 
hydrocarbon  is  composed  of  two  benzene  nuclei  partially  super- 
posed or  condensed  together  in  the  o-position,  as  shown  above, 
has  since  been  confirmed  by  syntheses  of  its  derivatives,  but 
even  more  conclusively  by  the  study  of  the  isomerism  of  its 
substitution  products. 


The  difficulty  of  determining  and  of  expressing  the  actual  state  or 
disposition  of  the  fourth  affinity  of  each  of  the  carbon  atoms  in 
naphthalene  is  just  as  great  as  in  the  case  of  benzene.  If  the 
carbon  atoms  be  represented  as  united  by  alternate  double  linkings, 
as  in  the  formula  on  the  left-hand  side  (see  below),  there  is  the 
objection  that  they  do  not  show,  as  indicated,  the  behaviour  of 
carbon  atoms  in  fatty  unsaturated  compounds,  as  explained  more 
fully  in  the  case  of  benzene.  For  this  reason  the  formula  on  the 
right-hand  side  (see  below)  has  been  suggested  as  perhaps  prefer- 
able, the  lines  drawn  towards  the  centres  of  the  nuclei  having  the 
same  significance  as  in  the  centric  formula  for  benzene  (p.  307). 
The  simple,  double-hexagon  formula  given  above  is  usually  em- 
ployed for  the  sake  of  convenience. 


kp<i> 


Naphthalene  may  be  obtained  synthetically  by  passing  the 
vapour  of  phenylbutylene,  CGH6-CH2-CH2-CH:CH2*  (or  of 
phenylbutylene  dibromide,  CGH5-CH2-CH2-CHBr-CHJBr), 
over  red-hot  lime,  the  change  being  a process  of  destructive 
distillation,  accompanied  by  loss  of  hydrogen,  similar  to,  but 
much  simpler  than  that  which  occurs  in  the  formation  of 
other  aromatic  from  fatty  hydrocarbons  (p.  300), 

yCH:CH 

C.IL-  CIIo-C  IIo-CH  :CH„  = CGH4<  | + 2H2. 

' " “ XCH:CH 


« Phenylbutylene  is  obtained  by  treating  a mixture  of  benzyl  chloride 
and  allyl  iodide  with  sodium, 

C6H5CHaCl  + CH.jt-CH:CHo  + 2Na  = C(iHyCH,.CH.,Cn:CIIo  + NaCl  + Nal. 

It  is  a liquid,  boiling  at  178",  and,  like  butylene  (part  i.  p.  79),  it  combines 
directly  with  one  molecule  of  bromine,  yielding  the  dibromide. 
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A most  important  synthesis  of  naphthalene  was  accom- 
plished by  hit  tig,  who  showed  that  a-naphthol  (a-hydroxy- 
naphthalene)  is  formed  on  boiling  phenylisocrotonic  acid 
(p.  431)  with  water.  This  change  probably  takes  place  in  two 
stages,  the  first  product  being  a keto-derivative  of  naphtha- 
lene, which  passes  into  a-naphthol  by  intramolecular  change 
(compare  part  i.  p.  195), 


CH  CH  CH 


CII  COOH  CO 


CII 


The  a-naphthol  thus  obtained  is  converted  into  naphtha- 
lene on  distillation  with  zinc-dust,  just  as  phenol  is  trans- 
formed into  benzene  (p.  331). 

Isomerism  of  Naphthalene  Derivatives. — As  in  the  case  of 
benzene,  the  study  of  the  isomerism  of  the  substitution  pro- 
ducts of  naphthalene  affords  the  most  convincing  evidence 
that  the  accepted  constitutional  formula  is  correct.  In  the 
first  place,  naphthalene  differs  from  benzene  in  yielding  two 
different  series  of  mono-substitution  products ; there  are,  for 
example,  two  monochloronaphthalenes,  two  monoliydroxy- 
naphthalenes,  two  mononitronaphthalenes,  &c.  This  fact 
is  readily  accounted  for,  as,  on  considering  the  constitutional 
formula  of  naphthalene,  which  may  be  conveniently  written 


numbered  or  lettered  as  shown  (the  symbols  C and  If  being 
omitted  for  the  sake  of  simplicity),  it  will  be  evident  that  the 
eight  hydrogen  atoms  are  not  all  similarly  situated  relatively 
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to  the  rest  of  the  molecule.  If,  for  example,  the  hydrogen 
atom  (1)  were  displaced  by  chlorine,  hydroxyl,  &e.,  the  substi- 
tution product  would  be  isomeric,  but  not  identical  with  that 
produced  by  the  displacement  of  the  hydrogen  atom  (2).  In 
the  first  case,  the  substituting  atom  or  group  would  be  united 
with  a carbon  atom  which  is  itself  directly  united  with  a 
carbon  atom  common  to  both  nuclei,  whereas  in  the  other  case 
this  would  not  be  so.  Clearly,  then,  the  fact  that  the  mono- 
substitution  products  of  naphthalene  exist  in  two  isomeric 
forms  is  in  accordance  with  the  above  constitutional  formula. 
Further,  it  will  be  seen  that  not  more  than  two  such  isomerides 
could  be  obtained,  because  the  positions  1.4.1'. 4'  (the  four 
a-positions)  are  identical,  and  so  also  are  the  positions  2. 3. 2'.  3' 
(the  four  /^-positions) ; the  isomeric  mono-substitution  products 
are,  therefore,  usually  distinguished  by  using  the  letters  a 
and  fi. 

When  two  hydrogen  atoms  in  naphthalene  are  displaced  by 
two  identical  groups  or  atoms,  ten  isomeric  di-derivatives  may 
be  obtained.  Denoting  the  positions  of  the  substituents  by  the 
system  of  numbering  shown  above,  these  isomerides  would  be 
1:2,  1:3,  1:4,  1:4',  1:3',  1:2',  1:1',  2:3,  2:3',  2:2', 
all  other  possible  positions  being  identical  with  one  of  these  ; 
2:4',  for  example,  is  the  same  as  1:3',  2': 4 and  3:1',  and  l':4  is 
identical  with  1:4'.  The  constitution  of  such  a di-derivative 
is  usually  expressed  with  the  aid  of  numbers,  as  it  is  necessary 
to  show  whether  the  substituents  are  combined  with  the 
same,  or  with  different,  nuclei. 

When  the  two  atoms  or  groups  are  present  in  the  same 
nucleus,  their  relative  position  is  similar  to  the  o-,  m-,  or 
^-position  in  benzene.  The  positions  1:2,  2:3,  and  3:4  corre- 
spond with  the  ortho-,  1:3,  and  2:4,  with  the  meta-,  and  1:4 
with  the  para-position,  and  similarly  in  the  case  of  the  other 
nucleus.  The  position  1:1'  or  4:4',  however,  is  different  from 
any  of  these,  and  is  termed  the  y/erf-position ; groups  thus 
situated  behave  in  much  the  same  way  as  those  in  the 
(/-position  in  the  benzene  and  naphthalene  nuclei. 
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Derivatives  of  Naphthalene. 

The  homologues  of  naphthalene — that  is  to  say,  its  alkyl 
substitution  products,  are  of  comparatively  little  importance, 
hut  it  may  be  mentioned  that  they  may  be  prepared  from  the 
parent  hydrocarbon  by  methods  similar  to  those  employed  in 
the  case  of  the  corresponding  benzene  derivatives,  as,  for 
example,  by  treating  naphthalene  with  alkyl  halogen  com- 
pounds and  aluminium  chloride, 

C10HS  + C2H5I  = C10H7.C2H5  + HI, 

and  by  treating  the  bromonaplithalenes  with  an  alkyl  halogen 
compound  and  sodium, 

C10HTBr  + CH3Br  + 2Na  = C10H7-CH3  + 2NaBr. 

a-Methplnaph thalene,  C10H7-CH3,  is  a colourless  liquid, 
boiling  at  240-24:2°,  but  /3-methyl naphthalene  is  a solid, 
melts  at  32°,  and  boils  at  242°;  both  these  hydrocarbons 
occur  in  coal-tar. 

The  halogen  mono-substitution  products  of  naphthalene  are 
also  of  little  importance.  They  may  be  obtained  by  treating 
the  hydrocarbon,  at  its  boiling-point,  with  the  halogens  (chlor- 
ine and  bromine),  but  only  the  a-derivatives  are  formed  in  this 
way.  Both  the  a-  and  the  /3-compounds  may  be  obtained  by 
treating  the  corresponding  naphthols  (p.  452),  or,  better, 
the  naphthalenesulphonic  acids  (p.  455)  with  pentachloride 
or  pentabromide  of  phosphorus, 

c10h7.so2ci  + PC15  = C10H7C1  + POCl3  + SOCl2, 

or  by  converting  the  naphthylamines  (p.  452)  into  the  corre- 
sponding diazo-compounds,  and  decomposing  the  latter  with  a 
halogen  cuprous  salt  (p.  372), 

C10H7.NH2  — > C10H7.N:NC1  — > C10H7C1. 

All  these  methods  correspond  with  those  described  in  the 
case  of  the  halogen  derivatives  of  benzene,  and  are  carried  out 
practically  in  a similar  manner. 

u- Ch loronaphihalene,  C10IT7C1,  is  a liquid,  boiling  at  about 

'9  ,< 


450 


NAPHTHALENE  AND  ITS  DERIVATIVES. 


2G3°,  but  the  /?- derivative  is  a crystalline  substance,  meltin"  at 
5G°,  and  boiling  at  264°. 

a -Bromonaplithaleve,  C10H7Br,  is  also  a liquid,  which  boils 
at  280°,  but  the  /3- derivative  is  crystalline,  and  melts  at  G8°. 

The  chemical  properties  of  these,  and  of  other  halogen 
derivatives  of  naphthalene,  are  similar  to  those  of  the  halogen 
derivatives  of  benzene ; the  halogen  atoms  are  very  firmly 
combined,  and  are  not  displaced  by  hydroxyl-groups  on 
boiling  with  alkalies,  &c. 

Naphthalene  tetrachloride,  C10H8C14,  is  an  important  halo- 
gen additive  product,  which  is  produced  on  passing  chlorine 
into  a vessel  containing  coarsely-powdered  naphthalene  at 
ordinary  temperatures.  It  forms  large  colourless  crystals, 
melts  at  182°,  and  is  converted  into  dichloronaphtlialene 
C10H6C12  (a  substitution  product),  when  heated  with  alco- 
holic potash ; it  is  readily  oxidised  by  nitric  acid,  yielding 
phthalic  and  oxalic  acids,  a fact  which  shows  that  all  the 
chlorine  atoms  are  present  in  one  and  the  same  nucleus ; the 
constitution  of  the  compound  is  therefore  expressed  by  the 


formula  C6TI4<^ 


CHCl-CHCk 

CHC1-CHUK 


The  formation  of  this  additive  product  shows  that  naphthalene, 
like  benzene,  is  not  really  a saturated  compound,  although  it  usually 
behaves  as  such  ; other  compounds,  formed  by  the  addition  of  four 
atoms  of  hydrogen  to  naphthalene  or  to  a naphthalene  derivative, 
are  known,  and  experience  has  shown  that  when  one  of  the  nuclei 
is  thus  fully  reduced,  the  atoms  or  groups  of  which  it  is  composed 
acquire  the  character  which  they  have  in  fatty  compounds,  whereas 
the  unreduced  nucleus  retains  the  character  of  that  in  benzene. 
The  amido-group  in  the  tetrahydro-p-naphthylcmiinc  of  the  consti- 
yCn„CH-NH., 

tution  CuH4q  | , for  example,  has  the  same  character  as 

XCH2-CH2 

that  in  fatty  amines,  whereas  in  the  case  of  the  isomeric  tetrahydro- 

/CIL-CH., 

B-naphthylaminc,  NH.>-C6H.,\  | , the  amido-group  has  the 

' ch2.gh2 

same  properties  as  that  in  aniline,  because  it  is  combined  with 
the  unreduced  nucleus. 
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Nitro-derivatives. — Naphthalene,  like  benzene,  is  readily 
acted  on  by  concentrated  nitric  acid,  yielding  nitro-derivatives, 
one,  two,  or  more  atoms  of  hydrogen  being  displaced  accord- 
ing to  the  concentration  of  the  acid  employed  and  the 
temperature  at  which  tho  reaction  is  carried  out;  the  presence 
of  sulphuric  acid  facilitates  nitration  for  reasons  already 
mentioned.  The  chemical  properties  of  the  nitro-naphthalenes 
are  in  all  respects  similar  to  those  of  the  nitro-benzenes. 

u Nitronaphthalene,  C10H7-NO2,  is  best  prepared  in  small 
quantities  by  dissolving  naphthalene  in  acetic  acid, 
adding  concentrated  nitric  acid,  and  then  heating  on 
a water- bath  for  half  an  hour;  the  product  is  poured  into 
water,  and  the  nitronaplithalene  purified  by  recrystallis- 
ation from  alcohol.  On  the  large  scale  it  is  prepared  by 
treating  naphthalene  with  nitric  and  sulphuric  acids,  the 
method  being  similar  to  that  employed  in  tho  case  of  nitro- 
benzene. It  crystallises  in  yellow  prisms,  melts  at  Gl°,  and 
boils  at  304° ; on  oxidation  with  nitric  acid,  it  yields  nitro- 
phthalio  acid  (p.  445). 

/TNitronaphthalene  is  not  formed  on  nitrating  naphthalene, 
but  it  may  be  prepared  by  dissolving  /3-nitro-a-naphtliylamine 
(a  compound  obtained  on  treating  a-naphthylamine  with 
dilute  nitric  acid)  in  an  alcoholic  solution  of  hydrogen  chloride, 
adding  finely-divided  sodium  nitrite,  and  then  heating  the 
solution  of  the  diazo-compound  (compare  p.  371), 

C10Hg(NO2)-MC1  + C.JIj-OH  = 

Ci0H7-NO2  + N2  + HC1  + C,II40. 

It  crystallises  in  yellow  needles,  melting  at  79°. 

The  amido-derivatives  of  naphthalene  are  very  similar  in 
properties  to  tho  corresponding  bonzeno  derivatives,  except 
that  even  the  monamido-compounds  are  crystalline  solids ; they 
have  a neutral  reaction  to  litmus,  and  yet  are  distinctly  basic 
in  character,  since  they  neutralise  acids,  forming  salts,  which, 
however,  are  decomposed  by  the  hydroxides  and  carbonates 
of  the  alkalies.  These  amido-compounds,  moreover,  may  bo 
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converted  into  diazo-compounds,  aniidoazo-compouiids,  &c., 
by  reactions  similar  to  those  employed  in  the  case  of  the 
amido-benzenes,  and  many  of  the  substances  obtained  in  this 
way,  as  well  as  the  amido-compounds  themselves,  are  exten- 
sively employed  in  the  manufacture  of  dyes. 

a-Naphthylamine,  C10H7-NH2,  may  be  obtained  by  heating 
a-naphthol  with  ammonio-zinc  chloride,  or  ammonio-calcium 
chloride,* 

C10HrOH  + NH3  = C10H7.NH2  + H,0, 

but  it  is  best  prepared  by  reducing  a-nitronaphthalene  with 
iron-filings  and  acetic  acid, 

C10H7.NO2  + 6H  = C10H7-NH2  + 2H20. 

It  is  a colourless,  crystalline  substance,  melting  at  50°,  and 
boiling  at  300°;  it  has  a disagreeable  smell,  turns  red  on 
exposure  to  the  air,  and  its  salts  give  a blue  precipitate  with 
ferric  chloride  and  other  oxidising  agents.  On  oxidation 
with  a boiling  solution  of  chromic  acid,  it  is  first  converted 
into  a-naphtliaquinone  (p.  455),  and  then  into  phtlialic  acid. 

/3-Naphthylamine  is  not  prepared  from  /I-nitronaphthalcne 
(as  this  substance  is  itself  only  obtained  with  difficulty),  but 
from  /3-naphthol,  as  described  in  the  case  of  the  a-compound. 
It  crystallises  in  colourless  plates,  melts  at  112°,  and  boils  at 
294°;  it  differs  markedly  from  a-naphthylamine  in  having 
only  a faint  odour,  and  its  salts  give  no  colouration  with 
ferric  chloride.  On  oxidation  with  potassium  permanganate, 
it  yields  phtlialic  acid. 

The  two  naphthols,  or  monohydroxy-derivatives  of 
naphthalene,  correspond  with  the  monohydric  phenols,  and 

* Prepared  by  passing  ammonia  over  anhydrous  zinc  or  calcium  chloride. 
These  compounds  decompose  when  heated,  evolving  ammonia,  and  are, 
therefore,  conveniently  employed  in  many  reactions  requiring  the  pres- 
ence of  ammonia  at  high  temperatures ; the  zinc  or  calcium  chloride 
resulting  from  their  decomposition  also  favours  the  reaction  in  those  cases 
in  which  water  is  formed,  as  both  substances  are  powerful  dehydrating 
agents.  Ammonium  acetate  may  he  employed  for  a similar  purpose,  as 
it  dissociates  at  comparatively  low  temperatures,  hut  its  action  is  less 
energetic. 


NAPHTHALENE  AND  ITS  DERIVATIVES. 


453 


arc  compounds  of  considerable  importance,  as  they  are  exten- 
sively employed  in  the  colour  industry.  They  both  occur  in 
coal-tar,  hut  only  in  small  quantities,  and  are,  therefore, 
prepared  either  by  diazotising  the  corresponding  naphthyl- 
amines, 

C10HrNH2  > Cj0H7.N:NC1  > C10HrOH, 

or  by  fusing  the  corresponding  sulphonic  acids  with  potash 
(compare  p.  387), 

C10H7.SO3K  + KOH  = C10H7-OH  + K,S03. 

Their  properties  are,  on  the  whole,  very  similar  to  those  of  the 
phenols,  and,  like  the  latter,  they  dissolve  in  alkalies,  yield- 
ing metallic  derivatives,  which  are  decomposed  by  carbon 
dioxide ; the  hydrogen  of  the  liydroxyl-group  in  the  naph- 
thols  may  also  be  displaced  by  an  acetyl-group  or  by  an  alkyl- 
group,  just  as  in  phenols,  and  on  treatment  with  pentacliloride 
or  pentabromide  of  phosphorus,  a halogen  atom  is  substituted 
for  the  hydroxyl-group.  The  naphthols  further  resemble  the 
phenols  in  giving  a colour  reaction  with  ferric  chloride. 

In  a few  respects,  however,  there  are  certain  differences  between 
the  chemical  properties  of  the  naphthols  and  phenols,  inasmuch  as 
the  hydroxyl-groups  in  the  former  more  readily  undergo  change  ; 
when,  for  example,  anaphthol  is  heated  with  ammonio-zinc  chloride 
at  250°,  it  is  converted  into  the  corresponding  amido-compound  (see 
above),  whereas  the  conversion  of  phenol  into  aniline  requires  a 
temperature  of  300-350°,  other  conditions  remaining  the  same. 
Again,  when  a naphthol  is  heated  with  an  alcohol  and  hydrogen 
chloride,  it  is  converted  into  an  alkyl-derivative,  whereas  alkyl- 
derivatives  of  phenols  cannot,  as  a rule,  he  obtained  in  this  way  ; in 
this  respect,  the  naphthols  form,  as  it  were,  a connecting-link 
between  the  phenols  and  the  alcohols. 

a- Naphthol,  C10II7-OlI,  is  formed,  as  previously  stated 
(p.  447),  on  boiling  phenylisocrotonic  acid  with  water,  an 
important  synthesis,  which  proves  that  the  hydroxyl-group  is 
in  the  a-position  ; it  is  prepared  from  a-naphthylamine  or  from 
naphthalene-a-sulplionic  acid  (see  above).  It  is  a colourless, 
crystalline  substance,  melting  at  94°,  and  boiling  at  280° ; it 
has  a faint  smell,  recalling  that  of  phenol,  and  it  dissolves 
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freely  in  alcohol  and  ether,  but  is  only  sparingly  soluble  in 
hot  water.  Its  aqueous  solution  gives  with  ferric  chloride  a 
violet,  flocculent  precipitate,  consisting  probably  of  an  iron 
compound  of  a-dinaphthol,  OH-C10HG'C10IIG-OIT,  an  oxida- 
tion product  of  the  naphthol. 

a-Naphthol,  like  phenol,  is  very  readily  acted  on  by  nitric 
acid,  yielding  a r7m/Yro-derivative,  C10H5(NO2)2-OH,  which 
crystallises  in  yellow  needles,  and  melts  at  138°;  this  nitro- 
compound, like  picric  acid,  has  a much  more  strongly 
marked  acid  character  than  the  hydroxy-compound  from 
which  it  is  derived,  and  decomposes  carbonates,  forming  deep- 
yellow  salts  which  dye  silk  a beautiful  golden  yellow;  its  sodium 
derivative,  C10Ii5(NO2)2-ONa  + H20,  is  known  commercially 
as  Martin#'  yelloiv,  or  naphthalene  yellow.  Another  dye  obtained 
from  tt-naphthol  is  naphthol  yellow  (p.  527),  the  potassium  salt 
of  dinitro-a-naphtholsulphonic  acid,  C10H4(NO2)2(OK)-SO3Iy  ; 
the  acid  itself  is  manufactured  by  nitrating  a-naphtholtri- 
sulphonic  acid  (prepared  by  heating  a-naphthol  with 
anhydrosulphuric  acid),  in  which  process  two  of  the  sulphonic 
groups  are  displaced  by  nitro-groups. 

/3-Naphthol,  prepared  by  fusing  naphthalene-/?-sul  phonic 
acid  with  potash  (p.  453),  melts  at  122°,  and  boils  at 
285°;  it  is  a colourless,  crystalline  compound,  readily  soluble 
in  hot  water,  and  like  the  a-derivative,  it  has  a faint 
plienol-liko  smell.  Its  aqueous  solution  gives,  with  ferric 
chloride,  a green  colouration  and  a flocculent  precipitate  of 
/3-dinaphthol,  OH-C10HG-C10HG-OH. 

Sulphonic  Acids. — Perhaps  the  most  important  derivatives 
of  naphthalene,  from  a commercial  point  of  view,  are  the 
various  mono-  and  di-sulphonic  acids,  which  are  obtained 
from  the  hydrocarbon  itself,  from  the  naphthylamincs,  and 
from  the  naphthols,  many  of  these  compounds  being  used  in 
large  quantities  in  the  manufacture  of  dyes.  It  would  be 
impossible  to  give  here  even  the  names  of  the  very  numerous 
compounds  of  this  class,  but  some  indication  of  their 
properties  may  be  afforded  by  the  following  statements  : 
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Naphthalene  is  readily  sulphouated,  yielding  two  vwno- 
stdphonic  acids,  C10H7-SO3II,  namely,  the  a-  and  /3-compounds, 
both  of  which  are  formed  when  the  hydrocarbon  is  heated 
with  concentrated  sulphuric  acid  at  80J ; if,  however,  the 
operation  be  carried  out  at  160°,  only  the  /3-acid  is  obtained, 
because  at  this  temperature  the  a-acid  is  converted  into  the 
/3-acid  by  intramolecular  change,  just  as  plienol-o-sulphonic 
acid  is  transformed  into  the  j>acid  by  heating.  The  two 
naphthalenesulphonio  acids  are  crystalline  hygroscopic  sub- 
stances, and  show  all  the  characteristic  properties  of  acids  of 
this  class. 

l)i-  and  tri-sulphonic  acids  may  be  obtained  by  strongly 
heating  naphthalene  with  sulphuric  or  anhydrosulpluiric  acid. 

Fourteen  isomeric  napldl ujlandnemonosLd.pl ionic  acids, 
C1UH0(NH.2)  ■SO., IT,  may  theoretically  be  obtained — namely, 
seven  from  a-naphthylamine,  and  seven  from  the  /3-base;  as  a 
matter  of  fact,  nearly  all  these  acids  are  known.  One  of  the 
most  important,  perhaps,  is  1 :4-naphthylaminemonosulphonic 
acid,  or  napldhionic  acid , which  is  the  sole  product  of  the  action 
of  sulphuric  acid  on  a-naphthylamine ; it  is  a crystalline 
compound,  very  sparingly  soluble  in  cold  water,  and  is  used 
in  the  manufacture  of  Congo-red  (p.  526),  and  other  dyes. 

The  naplttliolmonosul phonic  acids  correspond  in  number 
with  the  naphthylaminemonosulphonic  acids,  and  are  also 
extensively  used  in  the  colour  industry. 

a-Naphthaquinone,  C10H6O2,  is  a derivative  of  naphthalene 
corresponding  with  (benzo)quinone,  and,  like  the  latter,  it  is 
formed  on  oxidising  various  mono- and  di-substitution  products 
of  the  hydrocarbon  with  sodium  bichromate  and  sulphuric 
acid,  but  only  those  in  which  the  substituting  groups  occupy 
the  a-positions;  a-naphthylamine,  l:4-amidonaphthol,  and  1:4- 
diamidonaphthalene,  for  example,  may  bo  employed.  As  a 
rule,  however,  naphthalene  itself  is  oxidised  with  a boiling 
solution  of  chromic  acid  in  acetic  acid  (a  method  not 
applicable  for  the  preparation  of  quinone  from  benzene),  as 
the  product  is  then  easily  obtained  in  a state  of  purity. 
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a-Naphthaquinone  crystallises  from  alcohol  in  deep- 
yellow  needles,  melting  at  125°;  it  resembles  quinone  in 
colour,  in  having  a curious  pungent  smell,  and  in  being 
very  volatile,  subliming  readily  even  at  100°,  and  distilling 
rapidly  in  steam.  Like  quinone,  moreover,  it  is  readily  re- 
duced by  sulphurous  acid,  yielding  l:4-dihydroxynaphtlialene, 
C10H0(OH)2,  just  as  quinone  yields  hydroquinone  (p.  399). 
This  close  similarity  in  properties  clearly  points  to  a similarity 
in  constitution,  so  that  a-naphthaquinone  may  be  represented 
by  the  formula, 


o 


o 


for  reasons  similar  to  those  stated  more  fully  in  the  case  of 
quinone. 

/TNaphthaquinone,  C10H0O2,  isomeric  with  the  a-compound, 
is  formed  when  a-amido-/Tnaphthol  is  oxidised  with 
potassium  bichromate  and  dilute  sulphuric  acid,  or  with 
ferric  chloride  ; it  crystallises  in  red  needles,  decomposes  at 
about  115°  without  melting,  and  on  reduction  with  sulphur- 
ous acid,  is  converted  into  1 :2-dihydroxynaphthalene.  It 
differs  from  a-naphthaquinone  and  from  quinone  in  colour, 
in  having  no  smell,  and  in  being  non-volatile,  properties 
which,  though  apparently  insignificant,  are  really  of  some 
importance,  as  showing  the  difference  between  oiV/m-quinones 
and  p«r«-quinones ; the  latter  are  generally  deep-yellow, 
volatile  compounds,  having  a pungent  odour,  whereas  the 
former  are  red,  non-volatile,  and  odourless.  /J-Naphtha- 
quinone  is  an  example  of  an  ortho-quinone,  and  its  consti- 
tution may  be  represented  by  the  formula, 


The  above  description  of  some  of  the  more  important 
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naphthalene  derivatives  will  he  sufficient  to  show  the  close 
relationship  which  these  compounds  hear  to  the  corresponding 
derivatives  of  benzene ; although  the  former  exist  in  a larger 
number  of  isomeric  forms,  they  are,  as  a rule,  prepared  by  the 
same  methods  as  their  analogues  of  the  benzene  series,  and 
resemble  them  closely  in  chemical  properties.  It  may,  in  fact, 
be  stated  as  a general  rule,  that  all  general  reactions  and 
generic  properties  of  benzene  derivatives  are  met  with  again 
in  studying  naphthalene  derivatives. 


Anthracene,  C14H10,  is  a hydrocarbon  of  great  commercial 
importance,  as  it  is  the  starting-point  in  the  manufacture  of 
alizarin,  the  colouring  matter  employed  in  producing  Turkey- 
red  dye ; it  is  prepared  exclusively  from  coal-tar.  The  crude 
mixture  of  hydrocarbons  and  other  substances  known  as  ‘ 50 
per  cent,  anthracene  ’ (p.  298)  is  first  distilled  with  one-third  of 
its  weight  of  potash  from  an  iron  retort ; the  distillate,  which 
consists  almost  entirely  of  anthracene  and  phenanthrene,  is 
then  treated  with  carbon  bisulphide,  when  the  phenanthrene 
dissolves,  leaving  the  anthracene,  which  is  further  purified  by 
crystallisation  from  benzene. 

Crude  anthracene  contains  considerable  quantities  of  carbazole, 


NH,  a colourless,  crystalline  substance,  melting  at  238  , and 


boiling  at  355°.  On  treatment  with  potash,  this  substance  is 


in  the  retort,  or  is  decomposed  on  subsequent  distillation  ; many 
other  impurities,  which  cannot  readily  be  separated  by  crystallisa- 
tion, are  also  got  rid  of  in  this  way. 

Anthracene  crystallises  from  benzene  in  colourless,  lustrous 
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plates,  which  show  a beautiful  blue  fluorescence ; it  melts  at 
213°,  boils  at  about  3G0°,  and  dissolves  freely  in  boiling 
benzene,  but  is  oidy  sparingly  soluble  in  alcohol  and  ether. 
On  mixing  saturated  alcoholic  solutions  of  anthracene  and 
picric  acid,  anthracene  picrato,  C14H10,C6H2(NO2)3-OH,  is 
deposited  in  ruby-red  needles,  which  melt  at  138°;  this 
compound  is  resolved  into  its  components  when  treated  with 
a large  quantity  of  alcohol  (distinction  from  phenanthrene 
picrate,  p.  468). 

Const  itution.— The  behaviour  of  anthracene  towards  chlorine 
and  bromine  is,  on  the  whole,  similar  to  that  of  benzene  and 
naphthalene — that  is  to  say,  it  yields  additive  or  substitution 
products  according  to  the  conditions  employed  ; towards 
concentrated  sulphuric  acid,  also,  it  behaves  like  other  aromatic 
compounds,  and  is  converted  into  sulphonic  acids  by  substitu- 
tion. When  treated  with  nitric  acid,  however,  instead  of 
yielding  a nitro-derivative,  as  was  to  be  expected  from  the 
molecular  formula  of  the  hydrocarbon  (which,  from  the 
relatively  small  proportion  of  hydrogen,  clearly  indicates  the 
presence  of  one  or  more  closed  chains),  it  is  oxidised  to  anthra- 
quinone,  C14H802,  two  atoms  of  hydrogen  being  displaced  by 
two  atoms  of  oxygen ; this  change  always  takes  place,  even 
when  dilute  nitric  acid,  or  some  other  oxidising  agent,  is 
employed,  and  as  it  is  closely  analogous  to  that  which  occurs  in 
the  conversion  of  naphthalene,  C10HS,  into  a-naphthaquinone, 
Ci0H0O2  (p.  455),  it  is  an  indication  of  the  presence  of  a closed- 
chain,  oxidation  processes  of  this  kind  (namely,  the  substitu- 
tion of  oxygen  for  an  equal  number  of  hydrogen  atoms)  being 
unknown  in  the  case  of  fatty  (open-chain)  substances. 
Another  highly  important  fact,  owing  to  its  bearing  on  the 
constitution  of  anthracene,  is  this,  that,  although  the  hydro- 
carbon and  most  of  its  derivatives  arc  resolved  into  simpler 
substances  only  with  very  great  difficulty,  when  this  does 
occur,  one  of  the  products  is  always  some  benzene  derivative, 
usually  phthalic  acid. 

.Now,  if  the  molecule  of  anthracene  contained  only  one 
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benzene  nucleus,  or  even  if,  like  naphthalene,  it  contained 
two  condensed  nuclei,  there  would  still  bo  certain  carbon 
and  hydrogen  atoms  to  be  accounted  for,  and  this  could 
only  be  done  by  assuming  the  presence  of  unsaturated  side- 
chains  ; as,  however,  all  experience  has  shown  that  such 
side-chains  in  benzene  and  in  naphthalene  are  oxidised  to 
carboxyl  (compare  p.  327)  with  the  utmost  facility,  it  is  impos- 
sible to  accept  the  assumption  of  their  presence  in  anthracene, 
a compound  which  is  always  oxidised  to  the  neutral  substance 
anthraquinone,  without  loss  of  carbon.  Arguments  of  this 
kind  lead,  therefore,  to  only  one  conclusion — namely,  that  the 
molecule  of  anthracene  is  composed  only  of  combined  or 
condensed  nuclei ; as,  moreover,  the  hydrocarbon  may  be 
indirectly  converted  into  phthalic  acid,  it  must  be  assumed 
that  two  of  these  nuclei  are  condensed  together  in  the 
o-position,  as  in  naphthalene. 

If,  now,  an  attempt  be  made  to  deduce  a constitutional 
formula  for  anthracene  on  this  basis,  and  it  be  further  assumed 
that  all  the  closed-chains  are  composed  of  six  carbon 
atoms,  as  in  naphthalene,  the  following  formulas  suggest  them- 
selves as  the  most  probable, 


ci  i 


although,  of  course,  neither  could  be  accepted  as  final  without 
further  evidence. 

Experience  has  shown,  however,  that  formula  i.  must  be  taken 
as  representing  the  constitution  of  anthracene  (formula  u. 
expressing  that  of  phenanthrene,  p.  468),  because  it  accounts 
satisfactorily  for  all  known  facts,  amongst  others,  for  a number 
ol  important  syntheses  o(  the  hydrocarbon  (see  below),  for  the 
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relation  of  anthracene  to  anthraquinone,  and  for  the  isomerism 
of  tlie  anthracene  derivatives.  It  is,  nevertheless,  just  as  diffi- 
cult to  determine  and  to  express  the  actual  disposition  of  the 
fourth  affinity  of  each  carbon  atom  in  anthracene,  as  in  the  cases 
of  benzene  and  naphthalene  ; as,  however,  there  are  reasons  for 
supposing  that  the  state  of  combination  of  the  two  central  CI~I 
groups  (that  is,  those  which  form  part  of  the  central  nucleus 
only)  is  different  from  that  of  all  the  others  (inasmuch  as  they 
are  generally  attacked  first),  and  that  the  two  carbon  atoms 
of  these  groups  are  directly  united,  the  above  formula  (i.)  is 
usually  written 


the  disposition  of  the  fourth  affinities  of  the  carbon  atoms 
in  the  two  C0H4<C  groups  being  taken  to  be  the  same  as 
in  the  centric  formula  for  benzene.* 

Anthracene  may  be  obtained  synthetically  in  various  ways. 
It  is  produced  when  benzyl  chloride  is  heated  with  aluminium 
chloride, 


the  hydranthracenc  (p.  461)  which  is  formed  as  an  interme- 
diate product, 


being  converted  into  anthracene  by  loss  of  hydrogen,  which 
reduces  part  of  the  benzyl  chloride  to  toluene,  as  shown  in 
the  first  equation.  Anthracene  is  also  formed,  together  with 
hydranthracenc  and  phcnanthrene  (p.  469),  when  orfho-bromo- 

* The  letters  or  numbers  serve  to  denote  the  constitution  of  the  anthra- 
cene derivatives  (p.  461). 


a 


7 
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benzyl  bromide  (prepared  by  brominating  boiling  o-bromo- 
toluene,  C0IT4Br-CH3)  is  treated  with  sodium, 


2Ct!H4<BrIl2l]r  + = C6H4<£^>C6H4  + 4M 


CH.r 


here,  again,  liydranthracene  is  tlie  primary  product,  and  from 
it  anthracene  is  formed  by  loss  of  hydrogen. 

Another  interesting  synthesis  may  be  mentioned — namely, 
the  formation  of  anthracene  on  treating  a mixture  of  tetra- 
bromethane  and  benzene  with  aluminum  chloride, 


H 


c6h4<£  + 


IrCHBr  m /CIK 

+ h>C0H4  = C6H4<i  >C0H4  + 4Hl!r. 


H BrCHBr 


All  these  methods  of  formation  are  accounted  for  in  a simple 
manner  with  the  aid  of  the  above  constitutional  formula,  the 
last  one  especially  indicating  that  the  two  central  carbon 


atoms  are  directly  united  ; the  formula 


/CHX 

c*h*<6h>c*h* 


will,  therefore,  be  employed  in  describing  the  anthracene 
derivatives. 

Isomerism  of  Anthracene  Deri  natives. — -Further  evidence 
in  support  of  the  above  constitutional  formula  is  afforded 
by  the  study  of  the  isomerism  of  the  substitution  products  of 
anthracene,  although,  in  most  cases,  all  the  isomerides  theo- 
retically possible  have  not  yet  been  prepared. 

When  one  atom  of  hydrogen  is  displaced,  three  isomerides 
may  be  obtained,  since  there  are  three  hydrogen  atoms  (a ,[3,y), 
all  of  which  are  differently  situated  relatively  to  the  rest  of 
the  molecule ; these  mono-substitution  products  are  usually 
distinguished  by  the  letters  a,  [3,  y,  according  to  the  position 
of  the  substituent  (compare  formula  p.  4G0).  ’When  two 
atoms  of  hydrogen  are  displaced  by  similar  atoms  or  groups, 
fifteen  isomeric  di-substitution  products  may  bo  obtained. 

liydranthracene,  C6H4<^^||2^>C0H4,  a substance  of  little 
importance,  is  formed  on  reducing  anthracene  with  boiling 
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concentrated  hydriodic  acid,  or  with  sodium  amalgam.  It 
is  a colourless,  crystalline  compound,  melting  at  106-108°, 
and  when  heated  with  sulphuric  acid,  it  is  converted  into 
anthracene,  the  acid  being  reduced  to  sulphur  dioxide. 

Anthracene  dicliloride,  C0H4<Cq^|>C0H4,  like  hydran- 


thracene,  is  an  additive  product  of  the  hydrocarbon  ; it  is 
obtained  when  chlorine  is  passed  into  a cold  solution  of 
anthracene  in  carbon  bisulphide,  whereas  at  100°  substitution 


takes  place,  monocl dor  anthracene, 


cci 


/CCK 

l ichlor anthracene,  C0H4\^  ^CaH4,  being  formed ; these 


substitution  products  crystallise  in  yellow  needles,  melting 
at  103°  and  209°  respectively,  and  they  are  both  converted 
into  anthraquinono  on  oxidation,  a fact  which  shows  the 
positions  of  the  chlorine  atoms. 


Anthraquinone, 


C.Ht<“>C„H4, 


is  formed,  as  already 


mentioned,  on  oxidising  anthracene  with  chromic  or  nitric 
acid.  It  is  conveniently  prepared  by  dissolving  anthracene 
(1  part)  in  boiling  glacial  acetic  acid,  and  gradually  adding  a 
concentrated  solution  of  chromic  acid  (2  parts)  in  glacial 
acetic  acid.  As  soon  as  oxidation  is  complete,  the  product  is 
allowed  to  cool,  and  the  anthraquinone,  which  separates  in 
long  needles,  is  collected  and  purified  either  by  sublimation 
or  by  recrystallisation  from  acetic  acid. 


Antliraquinone  is  manufactured  by  oxidising  finely-divided  ‘50 
per  cent,  anthracene,’  suspended  in  water,  with  the  calculated 
quantity  of  sodium  bichromate  and  sulphuric  acid.  The  crude 
anthraquinone  is  collected  on  a filter,  washed,  dried,  and  heated 
at  100°  with  2-3  parts  of  concentrated  sulphuric  acid,  by  which 
means  the  impurities  are  converted  into  soluble  sulphonic  acids, 
whereas  the  anthraquinone  is  not  acted  on.  The  almost  black 
product  is  now  allowed  to  stand  in  a damp  place,  when  the  anthra- 
quinone gradually  separates  in  crystals  as  the  sulphuric  acid 
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becomes  dilute;  water  is  then  added,  and  the  anthraquinone  col- 
lected, washed,  and  dried  and  sublimed. 


Anthraquinone  may  be  produced  synthetically  by  treating 
a solution  of  phthalic  anhydride  (p.  426)  in  benzene,  with  a 
strong  dehydrating  agent,  such  as  aluminium  chloride,  the 
reaction  taking  place  in  two  stages ; o-benzoylbenzoic  acid  is 
first  produced, 


+ CuTIe  - C0H4<COOH 


o-Benzoylbenzoic  Acid. 


but  by  the  further  action  of  the  aluminium  chloride  (or  when 
treated  with  sulphuric  acid),  this  substance  is  converted  into 
anthraquinone  with  loss  of  1 molecule  of  water, 

C»H*<COOH~C«H5  - C«H*<CO>C«H*  + H*°- 

A BAH 

Anthraquinone  contains,  therefore,  two  C6H4<^  groups,  united 
by  two  CO<^ groups. 


That  the  two  CO<^  groups  occupy  the  o-position  in  the  one 
benzene  ring  (A)  is  known,  because  they  do  so  in  phthalic  acid ; that 
they  occupy  the  o-position  in  the  second  benzene  ring  (B)  has  been 
proved,  as  follows  : When  bromophthalic  anhydride  is  treated 
with  benzene  and  aluminium  chloride,  bromobenzoylbenzoic  acid 
is  produced,  and  this,  when  treated  with  sulphuric  acid,  yields 
bromanthraquinone, 


C(jH3Br< 

A 


CO-_ 

COOII 


c,;ir,  = c„h3b. 

B A 


•<Cg>C6II4  + TLO. 

B 


The  formation  of  this  substance  from  bromophthalic  acid  proves, 
as  before,  that  the  two  CO<^  groups  are  united  to  the  ring  A in 
the  o-position. 

Now,  when  bromanthraquinone  is  heated  with  potash  at  1G0°,  it 

is  converted  into  hydroxyanthraquinone,  C0H3(OH)<C£q^>C0H4, 

a B 

and  this,  on  oxidation  with  nitric  acid,  yields  phthalic  acid, 

[.JjJ  JJ[)>Ctiir4,  the  group  A being  destroyed  ; therefore  the  two  CO 

groups  are  attached  to  B,  as  well  as  to  A,  in  the  o-position,  and 
therefore  anthraquinone  has  the  constitution  represented  above, 
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a conclusion  which  affords  strong  support  to  the  above  views 
regarding  the  constitution  of  anthracene. 


Anthraquinone  crystallises  from  glacial  acetic  acid  in  pale- 
yellow  needles,  melts  at  277°,  and  sublimes  very  readily  at 
higher  temperatures  in  long,  sulphur-yellow  prisms;  it  is 
exceedingly  stable,  and  is  only  with  difficulty  attacked  by 
oxidising  agents,  by  sulphuric  acid,  or  by  nitric  acid.  In  all 
those  properties  which  are  connected  with  the  presence  of 
the  two  carbonyl-groups,  anthraquinone  resembles  the  aromatic 
ketones  much  more  closely  than  the  quinones.  It  has  no 
smell,  is  by  no  means  readily  volatile,  and  is  not  reduced 
when  treated  with  sulphurous  acid ; unlike  quinone,  there- 
fore, it  is  not  an  oxidising  agent.  When  treated  with  more 
powerful  reducing  agents,  however,  it  is  converted  into 
CO 

oxcintliranol,  C,d  1 1 ( ) 1 [ ^ i ' cm®  of  the  CO,\  groups 

becoming  ^>CH-OH,  just  as  in  the  reduction  of  ketones;  on 
further  reduction  the  other  CO<^  group  undergoes  a similar 

change,  but  the  product,  CcH4<Cq^|q^|^>C6H4,  loses  one 


molecule  of  water,  yielding  anthrannl,  CcII 


c0h4, 


which  is  finally  reduced  to  hydranthracene ; when  anthra- 
quinone is  distilled  with  zinc-dust,  anthracene  is  produced. 
Anthraquinone  is  only  slowly  acted  on  by  ordinary  sulphuric 
acid  even  at  250°,  yielding  anthraquinone-/I-monosulphonic 
CO 

acid,  C0H4<\qq^>C6H3-SO3H  ; but  when  heated  with  a large 

excess  of  anhydrosulphuric  acid  at  160-170°,  it  yields  a 
mixture  of  disulphonic  acids,  C14II0O.,(SO3H)2. 


Sodium  antliraquinone-monosulpbonate,  which  is  used  in  such 
large  quantities  in  the  manufacture  of  alizarin  (see  below),  is  pre- 
pared by  heating  anthraquinone  with  an  equal  weight  of  anhydro- 
sulphuric acid  (containing  50  per  cent,  of  SO:i)  in  enamelled  iron 
pots  at  160°.  The  product  is  diluted  with  water,  filtered  from  un- 
changed anthraquinone,  and  neutralised  with  soda;  on  cooling, 
sparingly  soluble  sodium  antliraquinone-monosulpbonate  separates 
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in  glistening  plates,  and  is  collected  in  filter-presses.  The  more 
soluble  sodium  salts  of  the  antliraquinone-disulplionic  acids,  which 
are  always  formed  at  the  same  time,  remain  in  solution. 

Test  fur  Antliraquinone. — When  a trace  of  finely-divided 
anthraquinone  is  mixed  with  dilute  soda,  a little  zinc-dust 
added,  and  the  mixture  heated  to  boiling,  an  intense  red 
colouration  is  produced,  but  on  shaking  in  contact  with  air, 
the  solution  is  decolourised ; in  this  reaction  oxanthranol  is 
formed,  and  this  substance  dissolves  in  the  alkali,  forming  a 
deep-red  solution  ; on  shaking  with  air,  however,  it  is  oxidised 
to  anthraquinone,  which  separates  as  a white  flocculent 
precipitate. 

CO 

Alizarin,  C0I  r4<co>C0H2(OII)2,  or  a/3-di  hydroxy  anthra- 
quinone, occurs  in  madder  (the  root  of  Ruhia  tindorum),  a sub- 
stance which  has  been  used  from  the  earliest  times  for  dyeing 
purposes,  and  which  owes  its  tinctorial  properties  to  two  sub- 
stances, alizarin  and  purpurin  (see  below’),  both  of  which  are 
present  in  the  root  in  the  form  of  glueosides.  Ruberythric 
acid,  the  glucoside  of  alizarin,  is  decomposed  when  boiled 
with  acids,  or  when  the  madder  extract  is  allowed  to  undergo 
fermentation,  with  formation  of  alizarin  and  two  molecules 
of  dextrose, 

C26H28014  + 2TI20  = C14H804  + 2C0H12Ofl. 

Ruberythric  Acid.  Alizarin. 

A dye  of  such  great  importance  as  alizarin  naturally  attracted 
the  attention  of  chemists,  and  many  attempts  were  made  to 
prepare  it  synthetically.  This  was  first  accomplished  in  18G8 
by  Gracbe  and  Liebermann,  who  found  that  alizarin  could 
be  produced  by  fusing  a/3-dibromanthraquinone*  with  potash, 
CO 

C0H4<co>C6H2Br2  + 2KOH  = 

c,iH4<CO>C0H,(Oir)2  + 2 K Hr, 
but  the  process  was  not  a commercial  success. 

* Obtained  by  heating  anthraquinone  with  bromine  and  a trace  of  iodine 
in  a sealed  tube  at  100°. 
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At  the  ])rcsciit  da}',  however,  the  madder  root  is  no  longer 
used,  and  the  whole  of  the  alizarin  of  commerce  is  made 
from  (coal-tar)  anthracene  in  the  following  manner : 

Anthracene  is  first  oxidised  to  anthraquinone,  and  the 
latter  is  converted  into  anthraquinone-/?-sulphonic  acid  by  the 
method  already  described  (p.  4G4) ; the  sodium  salt  of  this  acid 
is  then  fused  with  soda  and  a little  potassium  chlorate,  and 
is  thus  converted  into  the  sodium  derivative  of  alizarin, 
f O 

CGTr4<Qo>cflH3-S°3lTa  + 3NaOIT  + 0 = 

CO 

C0H4<CO>ceH2(ONa)2  + 211,0  + Xa,SO, ; 

from  this  sodium  salt  the  colouring  matter  itself  is  obtained 
by  adding  acid. 

When  anthraquinonesulphonic  acid  is  fused  with  soda,  the 
-S03II  group  is  displaced  by  -Oil  in  the  usual  manner,  but  the 
hydroxyanthraqmnone  thus  produced  is  very  readily  converted  into 
alizarin  by  the  further  action  of  the  soda,  part  of  it  being  reduced 
to  anthraquinone, 

2CoH4<qq>CgH3(OH)  = 

Hydroxyanthraquinono. 

CaH4<£g>C6H2(OH),  + C„H4<gg>C6H4. 

This  regeneration  of  anthraquinone,  and  consequent  diminished 
yield  of  alizarin,  is  prevented  by  the  addition  of  the  oxidising 
agent  (KCI03) ; the  operation  is  usually  conducted  as  follows : 
Sodium  anthraquinonesulphonate  (100  parts)  is  heated  in  a 
closed  iron  cylinder,  fitted  with  a stirrer,  with  soda  (300  parts) 
and  potassium  chlorate  (14  parts),  for  two  days  at  180°.  The  dark- 
violet  product,  which  consists  of  the  sodium  salt  of  alizarin,  is 
dissolved  in  water,  the  solution  filtered  if  necessary,  and  the  alizarin 
precipitated  by  the  addition  of  hydrochloric  acid.  The  yellowish 
crystalline  precipitate  is  collected  in  filter-presses,  washed  well  with 
water,  and  sent  into  the  market  in  the  form  of  a 10  or  20  per  cent, 
paste.  From  this  product  alizarin  is  obtained  in  a pure  state  by 
recrystallisation  from  toluene,  or  by  sublimation. 

Alizarin  crystallises  and  sublimes  in  dark -red  prisms, 
which  melt  at  282°,  and  are  almost  insoluble  in  water,  but 


ANTHRACENE  AND  PIl  ENA  NT  II  RENE. 


4f>7 


moderately  soluble  in  alcohol.  It  is  a dihydroxy-derivativo 
of  anthraquinone,  and  has  therefore  the  properties  of  a 
dihydric  phenol;  it  dissolves  in  potash  and  soda,  forming 

qq 

metallic  derivatives  of  the  type  C0H,1<^^q/>C0H.2(OM)2,  which 

are  soluble  in  water,  yielding  intensely  reddish-violet  solutions. 
With  acetic  anhydride  it  gives  a diacetate,  CuH602(C2H302)2, 
melting  at  180°,  and  when  distilled  with  zinc-dust,  it  is 
reduced  to  anthracene. 

The  value  of  alizarin  as  a dye  lies  in  the  fact  that  it  yields 
magnificently  coloured  insoluble  compounds  (called  ‘lakes’) 
with  certain  metallic  oxides ; the  ferric  compound,  for 
example,  is  violet  black,  the  lime  compound  blue,  and  the  tin 
and  aluminium  compounds  different  shades  of  red  (Turkey- 
red).  A short  account  of  the  methods  used  in  dyeing  with 
alizarin  is  given  later  (p.  504). 

Constitution  of  Alizarin. — Alizarin  may  be  synthetically 
prepared  by  heating  a mixture  of  plithalic  anhydride  and 
catechol  with  sulphuric  acid  at  150°, 

C.H4<g>0  + CaH(<“{  = 

C.H4<CO>C«H*<OH  + H3°- 

As  catechol  is  o-dihydroxybonzene,  it  follows  that  the  two 
hydroxyl-groups  in  alizarin  must  be  in  the  o-position  to  one 
'another,  and  this  substance  must,  therefore,  be  represented  by 
one  of  the  following  formula; : 


co  co 

i.  it. 


Now  alizarin  yields  two  (a1  and  /31)  isomeric  mono-nitro- 
derivatives,  C0H.,<^^q^>C0H(OH)2-NO2,  both  of  which 
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contain  the  nitro-group  in  the  same  nucleus  as  the  two 
hydroxyl-groups. 

The  constitution  of  alizarin  must,  therefore,  be  represented 
by  formula  I.,  as  a substance  having  the  constitution  n.  could 
only  yield  one  such  nitro-derivative,  and  this  formula  has 
been  shown  to  be  correct  in  many  other  ways  which  cannot 
be  discussed  here. 


Besides  alizarin,  several  other  dihydroxy-  and  also  trihydroxy- 
anthraquinones  have  been  obtained,  hut  only  those  are  of  value  as 
dyes  which  contain  two  hydroxyl-groups  in  the  same  positions  as  in 
alizarin  ; two  such  derivatives,  which  possess  very  valuable  dyeing 
properties,  may  be  mentioned. 


Purpurin,  C0H4<£^aH(OH)3, 


or  afla1 -tri  hydroxy  an  thr, iqui- 


none,  is  contained  in  madder  root,  in  the  form  of  a glucoside,  and 
may  be  artificially  prepared  by  oxidising  alizarin  with  manganese 
dioxide  and  sulphuric  acid.  It  crystallises  in  deep-red  needles, 
melts  at  252°,  and  gives,  with  alumina  mordants,  a much  yellower 
shade  of  red  than  alizarin,  and  is  now  used  on  the  large  scale  for 
the  production  of  brilliant  reds. 

Anthrapuipurin,  G6H3(0 II )<^()>C6Ib.<^ is  isomeric  with 
purpurin,  and  is  manufactured  by  fusing  anthraquinone-disul- 
phonic  acid,  C6H3(SO:)H)<^ :j>C6H3  S03H,  with  soda  and  potass- 
ium chlorate  (see  alizarin,  p.  466).  It  crystallises  in  yellowish- 
red  needles,  melts  at  330°,  and  is  very  largely  employed  in  dyeing 
yellow  shades  of  Turkey-red. 


Phenanthrene,  C14II10,  an  isomevido  of  anthracene,  is  a 
hydrocarbon  of  considerable  theoretical  interest,  although  it 
lias  no  commercial  value.  It  occurs  in  large  quantities  in 
‘ 50  per  cent,  anthracene,’  from  which  it  may  be  extracted  as 
already  described  (p.  457).  The  resulting  crude  phenanthrene 
is  converted  into  the  picrate  (see  below),  which  is  first  re- 
crvstallised  from  alcohol,  to  free  it  from  anthracene  picrate, 
and  then  decomposed  by  ammonia,  the  hydrocarbon  being 
finally  purified  by  recrystallisation. 

Phenanthrene  crystallises  in  glistening  needles,  melts  at 
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99°,  and  distils  at  about  340°;  it  is  readily  soluble  in  alcohol, 
ether,  and  benzene.  When  oxidised  with  chromic  acid,  it  is 
first  converted  into  phenanthraquinone,  C14II80,,  isomeric 
with  anthraquinone,  and  then  into  diplienic  acid,  C14IIl0O4. 
This  acid  is  decomposed  on  distillation  with  lime,  yielding 
carbon  dioxide  and  diphenyl  (p.  340);  it  is  therefore  diplienyl- 
dicurboxylic  add , COOH-CuH4-C(iH4-COOH,  and  its  formation 
from  phenanthrene  shows  that  the  latter  is  also  a derivative 
of  diphenyl. 

Further  evidence  as  to  the  constitution  of  phenanthrene  is 
obtained  by  studying  its  methods  of  formation.  It  is  formed, 
for  example,  on  passing  o-ditolyl  (prepared  from  o-bromo- 
toluene  and  sodium)  or  stilbene  * through  a red-hot  tube,  and 
the  simplest  manner  of  expressing  these  two  reactions  is  the 
following  : 


CgH4-CH3 

c0h4-ch 

1 II 

+ 2H2 

c0h4-ch3 

C6H4— CH 

o-Ditolyl. 

Phenanthrene. 

C6H5 — CH 

CG1I4 — CII 

II  = 

II 

+ h2. 

C6H5-CH 

C0H4— CH 

Stilbene. 

Phenanthrene. 

Again,  phenanthrene  is  formed,  together  with  anthracene, 
by  the  action  of  sodium  on  o-bromobenzyl  bromide  (p.  40 1), 

C II  <^CH2Er  BrCH2\p  av., 

4SBr  + 4Aa  = 


/CH:CH 

C,;ir/ A Ci;H4  + II,  + 4NaBr. 


* Stilbene,  or  dipheni/lethylene,  C(jH5'CH : CFICflHj,  may  bo  prepared  by 
acting  on  benzal  chloride  (p.  349)  with  sodium, 

2C6H3-CHCLj  + 4Na  = C6H3CH:CIIC6H3  + 4XaCl. 

Tt  crystallises  in  colourless  needles,  melts  at  120',  and,  like  ethylene,  com- 
bines with  two  atoms  of  bromine,  forming  stilbene  dihroviidc, 

CalI3  CHBi"CHBr'C(jH3  (ni  p.  237  ). 


470 


Anthracene  and  dhenanthrene. 


l’’or  these  and  many  other  reasons,  the  constitution  of  phenau- 
threne  is  expressed  by  the  formula, 


When  the  hydrocarbon  is  oxidised  to  phenanthraquinone, 
the  group  — CH  = CH-  becomes  -CO — CO-,  and,  on  further 
oxidation  to  diphenic  acid,  this  group  is  converted  into  two 
carboxyl-groups, 


formed  by  oxidising  the  hydrocarbon  with  chromic  acid.  It 
crystallises  from  alcohol  in  orange  needles,  and  melts  at  198°. 
In  chemical  properties  it  shows  little  resemblance  to  autlira- 
quinone,  but  is  closely  related  to  /3-naphthaquinone  (p.  456), 
and  is,  like  the  latter,  an  ortlio-diketone  (ortlio-quinone) ; it  is 
readily  reduced  by  sulphurous  acid  to  dill ydroxyphe nanth ren e, 
C14H8(OH)2,  and  it  combines  with  sodium  bisulphite,  forming 
a soluble  bisulphite  compound,  C14H802,  Fall  SO.,  + 2H20 ; 
with  hydroxy lamine  it  yields  a dioxime , C12H8(C:NOH)2. 
The  hydroxy-derivatives  of  phenanthraquinone,  unlike  those 
of  anthraquinone,  possess  no  tinctorial  properties. 

Phenanthraquinone  may  he  readily  detected  by  dissolving  a 
small  quantity  (0-1  gram)  in  glacial  acetic  acid  (20  c.c.),  adding  a few 
drops  of  commercial  toluene,  and  then  mixing  the  well-cooled  solu- 
tion with  sulphuric  acid  (1  c.c.).  After  standing  for  a few  minutes, 
the  hluish-green  liquid  is  poured  into  water  and  shaken  with  ether, 
when  the  ether  acquires  an  intense  reddish-violet  colouration 


CH  = CH 


co  — co 


COOII  COOII 
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(Lanbenheimer’s  reaction).  Like  the  indoplieniii  reaction,  this 
test  depends  on  the  formation  of  a colouring  matter  containing 
sulphur,  produced  hy  the  condensation  of  the  phenanthraquinone 
with  the  thiotolcnc,  C4H3S(CH3),  which  is  contained  in  the  crude 
toluene  (p.  334). 

C0II4 — COOH 

Diphenic  acid,  i 

C0H4— COOH 

phenanthrene  or  of  phenanthraquinone  with  chromic  acid, 
crystallises  from  water  in  needles,  and  melts  at  229°.  When 
heated  with  acetic  anhydride  it  is  converted  into  diphenic 

anhydride,  C1,Hs<£°>0  (m.p.  217°). 

This  fact  is  remarkable,  because  it  shows  that  in  the  case  of 
derivatives  of  hydrocarbons  which  are  composed  of  condensed 
benzene  nuclei,  the  ortho-position  is  not  the  only  one  -which  allows 
of  the  formation  of  an  anhydride.  Naphthalic  acid,  Ci0Hu(COOH).„ 
a derivative  of  naphthalene  in  which  the  carboxyl-groups  are  in  the 
1:1'-  or  peri-position,  also  forms  an  anhydride. 


, obtained  by  the  oxidation  of 


CHAPTER  X X X 1 I. 

PYRIDINE  AND  QUINOLINE. 

Pyridine  and  quinoline  are  two  very  interesting  aromatic 
bases,  and  many  of  their  derivatives,  more  especially  those 
which  occur  in  nature,  are  well-known  and  important  com- 
pounds. 

Coal-tar,  though  consisting  principally  of  hydrocarbons 
and  phenols,  contains  also  small  quantities  of  pyridine,  quino- 
line, and  numerous  other  basic  substances,  such  as  aniline 
and  isoquinoline ; all  these  bases  are  dissolved,  in  the  form 
of  sulphates,  in  the  purification  of  the  hydrocarbons,  &c., 
by  treatment  with  sulphuric  acid  (compare  p.  297),  and,  on 
afterwards  adding  excess  of  soda  to  the  dark  acid  liquor,  they 
separate  again  at  the  surface  of  the  liquid  in  the  form  of  a 
dark-brown  oil.  Ly  repeated  fractional  distillation  a partial 
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separation  of  the  various  constituents  of  this  oil  may  be 
effected,  and  crude  pyridine,  quinoline,  &c.,  may  be  obtained  ; 
on  further  purification  by  crystallisation  of  their  salts,  or  in 
other  ways,  some  of  these  bases  may  be  prepared  in  a state  of 
purity. 

Another  important  source  of  these  compounds  is  bone-tar 
or  bom-oil , a dark-brown,  unpleasant-smelling  liquid  formed 
during  the  dry  distillation  of  bones  in  the  preparation  of 
bone-black  (animal  charcoal)  ; this  oil  contains  considerable 
quantities  of  pyridine  and  quinoline,  and  their  homologues,  as 
well  as  other  bases,  and  these  compounds  may  be  extracted 
from  it  with  the  aid  of  sulphuric  acid,  and  then  separated  in 
the  manner  mentioned  above.  Bone-oil,  purified  by  distilla- 
tion, was  formerly  used  in  medicine  under  the  name  of 
Dippe? s oil. 


Pyridine  and  its  Derivatives. 

Pyridine,  C6li5N,  is  formed  during  the  destructive  distilla- 
tion of  a great  variety  of  nitrogenous  organic  substances, 
hence  its  presence  in  coal-tar  and  in  bone-oil ; it  is  also 
formed  when  various  alkaloids  are  distilled  with  potash. 

It  may  be  obtained  synthetically  by  passing  a mixture  of 
acetylene  and  hydrogen  cyanide  through  a red-hot  tube,  a 
reaction  which  is  very  similar  to  that  which  occurs  in  the 
formation  of  benzene  from  acetylene  alone  (p.  301), 

2C,H,  + HCN  = C5H,N. 

Pyridine  is  conveniently  prepared  in  small  quantities  by 
distilling  nicotinic  acid  (p.  479),  or  other  pyridinecarboxylic 
acids,  with  lime,  just  as  benzene  may  be  prepared  from 
benzoic  and  phthalic  acids  in  a similar  manner, 

C51I4N-C00H  = c5h5n  + CO, 
C6H3N(COOH)2  = C5H5N  + 2CO,. 

For  commercial  purposes  it  is  usually  prepared  by  the  frac- 
tional distillation  of  the  basic  mixture,  which  is  separated 
from  bone-oil  or  coal-tar  as  already  described ; the  product 
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consists  of  pyridine,  together  with  small  quantities  of  its 
liomologues. 

Pyridine  is  a colourless,  mobile  liquid  of  sp.  gr.  1-0033  at 
0° ; it  boils  at  115°,  is  miscible  with  water  in  all  proportions, 
and  possesses  a pungent  and  very  characteristic  odour.  It  is 
an  exceedingly  stable  substance,  as  it  is  not  attacked  by 
boiling  nitric  or  chromic  acid,  and  only  with  difficulty  by  halo- 
gens ; in  the  latter  case,  substitution  products  such  as  niono- 
bromop uridine,  C5H4BrN,  and  dibromopyridine,  C5H313r2N, 
are  formed.  If,  however,  a solution  of  pyridine  in  hydro- 
chloric acid  be  treated  with  bromine,  a crystalline,  unstable, 
additive  product,  C5H5NBr2,  is  precipitated,  even  from  very 
dilute  solutions,  and  the  formation  of  this  substance  is 
sometimes  used  as  a test  for  pyridine. 

When  treated  with  sodium  and  alcohol,  pyridine  is  readily 
reduced,  piperidine  or  hexahydropyridine  (p.  476)  being 
formed, 

C5H5N  + CPI  = C5HnN. 

Pyridine  is  a strong  base  ; like  the  amines,  it  turns  red  lit- 
mus blue,  and  combines  with  acids  to  form  crystalline  salts, 
such  as  the  hydrochloride,  C5H5N,IIC1,  and  the  sulphate, 
(C5H5N)2,H2S04.  The  platinoid  do  ride,  (C6H6N)2,H2PtGl0> 
crystallises  in  orange-yellow  needles,  and  is  readily  soluble 
in  water ; when,  however,  its  solution  is  boiled,  a very 
sparingly  soluble  yellow  salt,  (C6H5N)2PtCl4,  separates,  a 
fact  which  may  bo  made  use  of  for  the  detection  of  pyridine 
even  when  only  small  quantities  of  the  base  are  available. 
Another  test  for  pyridine  (and  its  liomologues)  consists 
in  heating  a few  drops  of  the  base  in  a test  tube 
with  methyl  iodide,  when  a vigorous  reaction  takes  place, 
and  a yellowish  additive  product,  pyridine  methiodide, 
CgHgNjCHgl,  is  produced ; if  a piece  of  solid  potash  be 
now  added,  and  the  contents  of  the  tube  again  heated,  a 
most  pungent  and  exceedingly  disagreeable  smell  is  at  once 
noticed. 

Constitution. — Although  pyridine  is  a powerful  base,  having 
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a pungent  odour,  and  turning  red  litmus  blue,  properties 
which  suggest  some  relation  to  the  fatty  amines,  a careful 
consideration  of  its  molecular  formula  and  chemical  behaviour 
shows  at  once  that  it  is  not  analogous  to  the  fatty  amines  in 
constitution.  It  is  not  a primary,  nor  a secondary  amine, 
because  it  does  not  give  the  carbylamine  reaction,  and  is  not 
acted  on  by  nitrous  acid,  and  it  cannot  possibly  be  a tertiary 
fatty  amine,  because  no  reasonable  constitutional  formula 
based  on  this  view  could  be  constructed.  If,  moreover,  it  be 
borne  in  mind  that  pyridine  is  extremely  stable,  the 
probability  of  its  being  a fatty  (open-chain)  compound 
at  all  seems  very  remote,  because  if  it  were,  it  would  be 
highly  unsaturated,  and  should  be  readily  oxidised  and  resolved 
into  simpler  substances.  The  grounds  for  doubting  its 
relation  to  any  fatty  compound  are,  in  fact,  much  the  same 
as  those  which  led  to  the  conclusion  that  the  constitution 
of  benzene  is  totally  different  from  that  of  dipropargyl  (p. 
304). 

Comparing  now  the  properties  of  pyridine  with  those  of 
aromatic  compounds,  a general  analogy  is  at  once  apparent ; in 
spite  of  its  great  stability,  pyridine  is  really  an  unsaturated 
compound,  and,  like  benzene,  naphthalene,  and  other  closed- 
chain  compounds,  it  yields  additive  products  under  certain 
conditions,  although  as  a rule  it  gives  substitution  products. 

Considerations  such  as  these  led  to  the  conclusion,  suggested 
by  lvorner  in  1869,  that  pyridine,  like  benzene,  contains  a 
closed-chain  or  nucleus,  as  represented  by  the  following 
formula, 


and  this  view  has  since  been  confirmed  in  a great  many  ways, 
notably  in  the  following  manner  : Piperidine,  or  hexahydro- 
pyridine,  the  compound  which  is  formed  by  the  reduction  of 
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pyridine,  and  which  is  reconverted  into  the  latter  on 
oxidation  with  sulphuric  acid  (p.  477),  has  been  prepared 
synthetically  by  a method  (p.  478)  which  shows  it  to  have  the 
constitution  (i.);  pyridine,  therefore,  has  the  constitution  (n.), 
the  relation  between  the  two  compounds  being  the  same  as 
that  between  benzene  and  hexahydrobenzene. 


Pijjeridine  (I.). 


OH 


C1I ^/CII 
N 

Pyridine  (II.). 


That  the  constitution  of  pyridine  is  represented  by  this 
formula  (n.)  is  also  established  by  a study  of  the  isomerism 
of  pyridine  derivatives,  and  by  its  relation  to  quinoline 
(p.  482) ; it  must,  therefore,  be  regarded  as  derived  from 
benzene  by  the  substitution  of  trivalent  nitrogen  for  one 
of  the  CH<;  groups. 


The  exact  nature  of  the  union  of  the  nitrogen  and  carbon  atoms 
is  not  known,  and  as  in  the  case  of  benzene,  several  methods  of 
representation  (some  of  which  are  shown  below)  have  been  sug- 
gested ; of  these,  the  centric  formula  is  perhaps  the  best,  for 
reasons  similar  to  those  already  mentioned  in  discussing  the  con- 
stitution of  benzene  (pp.  306,  307). 


Kornor.  Dewar.  Centric  Formula. 


Isomerism,  of  Pyridine  Derivatives. — The  mono-substitution 
products  of  pyridine,  as,  for  example,  the  methylpyridines  or 
picolines,  exist  in  three  isomeric  forms ; this  fact  is  clearly 
in  accordance  with  the  accepted  constitutional  formula  for 
pyridine,  in  which,  for  the  sake  of  reference,  the  carbon 
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atoms  ma}'  be  numbered  or  lettered  in  the  following  manner, 
the  symbols  C and  II  being  omitted  as  usual : 


y 


N 


These  substitution  products,  being  formed  by  tlio  displace- 
ment of  any  one  of  the  five  hydrogen  atoms,  it  is  evident 
that  the  following  three  (but  not  more  than  three),  isomerides 
may  be  obtained : 


x 


The  positions  aa1  (or  1,  5)  are  identical,  and  so  also  are  the 
positions  (3/3'  (or  2,  4),  but  the  position  y (or  3)  is  different 
from  any  of  the  others. 

The  (^'-substitution  products  exist  theoretically  in  six 
isomeric  forms,  the  positions  of  the  substituents  in  the 
several  isomerides  being  as  follows  : 

1:2,  1:3,  1:4,  1:5,  2:3,  2:4. 

All  other  positions  are  identical  with  one  of  these;  4:5,  for 
example,  is  the  same  as  1:2,  and  3:4  is  identical  with  2:3. 

As  regards  the  isomerism  of  its  derivatives,  pyridine  may 
be  conveniently  compared  with  a mono-substitution  product 
of  benzene — aniline,  for  example — the  effect  of  substituting  a 
nitrogen  atom  for  one  of  the  CII^  groups  in  benzene  being 
the  same,  in  this  respect,  as  that  of  displacing  one  of  the 
hydrogen  atoms  by  some  substituent. 

Derivatives  of  Pyridine. — Piperidine,  or  hexaliydropyridine, 
C5H10NH,  is  formed,  as  already  stated,  when  pyridine  is 
reduced  with  sodium  and  alcohol ; it  is  usually  prepared 
from  pepper,  which  contains  the  alkaloid  piper  inn  (p.  490),  a 
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substance  which  is  decomposed  by  boiling  alkalies  yielding 
piperidine  and  piperic  acid. 

Powdered  pepper  is  extracted  with  alcohol,  the  filtered  solution 
evaporated,  and  the  residue  distilled  with  potash  ; after  neutralis- 
ing with  hydrochloric  acid,  the  distillate  is  evaporated  to  dryness, 
and  the  residue  extracted  with  hot  alcohol  to  separate  the  piperi- 
dine hydrochloride  from  the  ammonium  chloride  which  is  always 
present.  The  filtered  alcoholic  solution  is  then  evaporated,  the 
residue  distilled  with  solid  potash,  and  the  crude  piperidine  purified 
.by  fractional  distillation  over  potash. 

Piperidine  is  a colourless  liquid,  boiling  at  106°,  and  is 
miscible  with  water  in  all  proportions,  heat  being  developed ; 
it  has  a very  penetrating  odour,  recalling  that  of  pepper. 
Like  pyridine,  it  is  a very  strong  base,  turns  red  litmus  blue, 
and  combines  with  acids  forming  crystalline  salts ; when 
heated  with  concentrated  sulphuric  acid  at  300°,  it  loses  six 
atoms  of  hydrogen,  and  is  converted  into  pyridine,  part  of 
the  sulphuric  acid  being  reduced  to  sulphur  dioxide. 

Piperidine  behaves  like  a secondary  amine  towards  nitrous 
acid,  and  yields  nitroso-piperidine,  C5H10N-]S!T),  an  oil,  boiling 
at  218°;  like  secondary  amines,  moreover,  it  interacts  with 
methyl  iodide,  giving  methylpiperidine , C5H10N-CH3 ; it  is, 
therefore,  a secondary  base  (compare  p.  483). 

The  important  synthesis  of  piperidine,  which  has  already 
been  referred  to  as  establishing  the  constitution  of  the  base, 
and  also  that  of  pyridine,  was  accomplished  by  Ladenburg 
in  the  following  way:  Trimetliylcne  bromide * is  heated 

with  potassium  cyanide  in  alcoholic  solution,  and  thus  con- 
verted into  trimethylene  cyanide, 

15i-.CH,  CIL-CIL  Br  + 2KON  = CNT  CH,.CH,.CII,  CN  + 2KBr, 
a substance  which,  on  reduction  witli  sodium  and  alcohol, 

Trimethyhne  bromide,  Q)ITgBr,,  is  prepared  by  treating  allyl  bromide 
(part  i.  p.  255)  with  concentrated  hydrobromic  acid, 

CH,Br-CFT:CH,  + It  Br  = CM„BrCH.,CH,Br ; 
it  is  a heavy,  colourless  oil,  and  boils  at  1G4°. 
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yields  pentametliylene  diamine,  just  as  methyl  cyanide  under 
similar  conditions  yields  ethylamine, 


CN-CH2CHa.CH3.CN  + 8H 


N H,- C H2  CH2.CH2  C H2-CH2  N h2  ; 


during  this  reduction  process,  some  of  the  pentamothylene 
diamine  is  decomposed  into  piperidine  and  ammonia,  and  the 
same  change  occurs,  hut  much  more  completely,  when  the 
hydrochloride  of  the  diamine  is  distilled, 


CH,< 


CH.j-CHo-NH  H 


CH.2-CH2.]STir2 


CH, 


Ilomolor/ues  of  Pyridine. — The  alkyl-derivatives  of  pyridine 
occur  in  coal-tar  and  bone-oil,  and  are,  therefore,  present  in 
the  crude  pyridine  obtained  from  the  mixture  of  bases  in 
the  manner  referred  to  above ; they  can  only  be  isolated  by 
repeated  fractional  distillation  and  subsequent  crystallisation 
of  their  salts.  The  three  (a,  (3,  y)  isomeric  methylpyridin.es 
or  picolines,  C5H4N-CII3,  the  six  isomeric  dimetliylpyridines 
or  lutidines,  C5H:jN(CH3)2,  and  the  trimethylpyridines  or 
collidines,  C6H2N(CH3)3,  resemble  the  parent  base  in  most 
ordinary  properties,  but,  unlike  the  latter,  they  undergo  oxida- 
tion more  or  less  readily  on  treatment  with  nitric  acid  or 
potassium  permanganate,  and  are  converted  into  pyridine- 
carboxylic  acids,  just  as  the  homologues  of  benzene  yield 
benzenecarboxylic  acids,  the  alkyl-groups  or  side-chains  being 
oxidised  to  carboxyl-groups, 

CrH.tN-CH3  + 30  = CJI4N-COOTI  + H.,0 
C5H3N(CH3)2  + GO  = C6H3N(COOH)2  + 2H20. 


This  behaviour  is  of  great  use  in  determining  the  positions  of 
the  alkyl-groups  in  these  homologues  of  pyridine,  because  the 
carboxylic  acids  into  which  they  are  converted  are  easily 
isolated,  and  are  readily  identified  by  their  melting-points 
and  other  properties. 

The  py ri diner arboxylie  acids  are  perhaps,  as  a class,  the 
most  important  derivatives  of  pyridine,  chiefly  because  they 
arc  obtained  as  decomposition  products  on  oxidising  many  of 
the  alkaloids. 
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Tlic  three  (a,  [3,  y)  monocarboxylic  acids  may  be  prepared 
by  oxidising  the  corresponding  picolincs  or  methylpyridines 
(see  above)  with  potassium  permanganate.  The  a-carboxylic 
acid  is  usually  known  as  picolinic  acid , because  it  was  first 
prepared  from  a-picoline  (a-methylpyridine),  whereas  the 
/3-compound  is  called  nicotinic  acid,  because  it  was  first 
obtained  by  the  oxidation  of  nicotine  (p.  489);  the  third 
isomeride — namely,  the  y-carboxylic  acid,  is  called  isonieotinic 
acid,  and  is  the  oxidation  product  of  y-picoline. 


coon 


Picolinic  Acid,  or  Nicotinic  Acid,  or  Isonieotinic  Acid,  or 

Pyridine-a-carboxylie  Acid  Pyridine-/3-carboxylic  Acid  Pyridine-y-carboxylic  Acid 
(lii.p.  13(i“).  (m.p.  229”).  (sublimes  without  melting). 


Those  monocarboxylic  acids  are  all  crystalline  and  soluble 
in  water ; they  have  both  basic  and  acid  properties,  and  form 
salts  with  mineral  acids  as  well  as  with  bases,  a behaviour 
which  is  similar  to  that  of  glycine  (part  i.  p.  292). 

The  a-carboxylic  acid,  and  all  other  pyridinecarboxylic 
acids  which  contain  a carboxyl-group  in  the  a-position  (but 
only  such),  give  a red,  or  yellowish-red  colouration  with  ferrous 
sulphate,  a reaction  which  is  of  great  value  in  determining 
the  positions  of  the  carboxyl  groups  in  such  compounds. 

A carboxyl-group  in  the  a-position,  moreover,  is  usually 
very  readily  eliminated  on  heating;  picolinic  acid,  for 
example,  is  much  more  readily  converted  into  pyridine  than 
nicotinic  or  isonieotinic  acid. 

Quinolinic  acid,  C6H3N(COOTI).,  (pyridinc-a/3-dicarboxylic 
acid), 


N 


cooii 

coon 


a compound  produced  by  the  oxidation  of  quinoline  with 
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potassium  permanganate,  is  tlio  most  important  of  the  six  iso- 
meric dicarboxylic  acids.  It  crystallises  in  colourless  prisms, 
is  only  sparingly  soluble  in  water,  and  gives,  with  ferrous  sul- 
phate, an  orange  colouration,  one  of  the  carboxyl-groups  being 
in  the  a-position.  When  heated  at  190°  it  decomposes  into 
carbon  dioxide  and  nicotinic  acid,  a fact  which  shows  that 
the  second  carboxyl-group  is  in  the  /3-position.  On  distilla- 
tion with  lime,  quinolinic  acid,  like  all  pyridinecarboxylic 
acids,  is  converted  into  pyridine. 

In  its  behaviour  when  heated  alone,  quinolinic  acid  differs 
in  a marked  manner  from  phthalic  acid — the  corresponding 
benzenedicarboxylic  acid — as  the  latter  is  converted  into 
its  anhydride  (p.  426)  ; nevertheless,  when  heated  with 
acetic  anhydride,  quinolinic  acid  gives  an  anhydride, 

C5 II 3 N q/ 0,  a colourless,  crystalline  substance,  melting 

at  1 34°.  This  fact  shows  that  the  carboxyl-groups  are  united 
with  carbon  atoms,  which  are  themselves  directly  united  (as 
in  the  case  of  phthalic  acid),  and  is  further  evidence  in 
support  of  the.  constitutional  formula  given  above. 

Quinoline. 

Quinoline,  C9H7N,  occurs,  together  with  isoquinoline,  in 
that  fraction  of  coal-tar  and  bone-oil  bases  (p.  472)  which  is 
collected  between  236  and  243°,  bift  as  it  is  difficult  to  obtain 
t\ic  pure  substance  from  this  mixture,  quinoline  is  usually  pre- 
pared synthetically,  by  a method  devised  by  Skraup.  For 
this  purpose  a mixture  of  aniline  and  glycerol  is  heated 
with  a dehydrating  agent  (sulphuric  acid)  and  an  oxidising 
agent,  such  as  nitrobenzene.* 

A mixture  of  aniline  (38  parts),  concentrated  sulphuric  acid  (100 
parts),  nitrobenzene  (24  parts),  and  glycerol  (120  parts),  is  cautiously 
heated  (with  reflux  apparatus)  on  a sand-bath,  and  after  the  violent 
reaction  which  soon  sets  in  has  subsided,  the  mixture  is  kept  boiling 

* Nitrobenzene  is  often  employed  as  a mild  oxidising  agent,  as,  in 
presence  of  an  oxidisable  substance,  it  is  reduced  to  aniline, 

CcH5-N02  + 2H  = C0H5-NH,  + 20. 
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for  about  four  hours.  It  is  then  cooled,  diluted  with  water,  and  the 
unchanged  nitrobenzene  separated  by  distillation  in  steam  ; soda 
is  then  added  in  excess  to  liberate  the  quinoline  from  its  sulphate, 
and  the  mixture  is  again  steam  distilled.  The  quinoline  in  the 
receiver  is  finally  separated  with  the  aid  of  a funnel,  dried  over 
solid  potash,  and  purified  by  fractional  distillation. 

Quinoline  is  a colourless,  highly  refractive  oil,  of  sp.  gr. 
1-095  at  20°,  and  boils  at  239°.  It  has  a peculiar  charac- 
teristic smell,  and  is  sparingly  soluble  in  water,  but  it  dissolves 
freely  in  dilute  acids,  forming  crystalline  salts,  such  as  the 
hydrochloride,  C91I7N,1IC1,  the  sulphate,  (C9H7N)2,II2S04,  &c. 
It  also  forms  double  salts,  of  which  the  platinocldoride, 
(C9H7N)„H2PtCl6  + 2H20,  and  the  bichromate, 
(C9H7N)2,H2Cr207, 

may  be  mentioned  ; the  latter,  prepared  by  adding  potassium 
bichromate  to  a solution  of  quinoline  hydrochloride,  crystal- 
lises from  water,  in  which  it  is  only  sparingly  soluble,  in 
glistening  yellow  needles,  melting  at  164-167°. 

Quinoline  is  a tertiary  base  (compare  p.  484),  and  com- 
bines, with  methyl  iodide,  to  form  the  additive  product, 
quinoline  methiodide,  C9H7N,CH3I. 

Constitution. — As  the  relation  between  pyridine,  C5H5N, 
and  quinoline,  C9H7N,  on  the  one  hand,  is  much  the  same  as 
that  between  benzene,  C0H0,  and  naphthalene,  C10II8,  on  the 
other,  both  as  regards  chemical  behaviour  and  molecular 
composition  (the  difference  being  C4H2  in  both  cases),  it 
might  be  assumed  that  quinoline  is  derived  from  pyridine, 
just  as  naphthalene  is  derived  from  benzene  ; consequently 
the  constitution  of  quinoline  might  be  expressed  by  one  of  the 
following  formulae : 


CH  N CH  CH 


i. 


n. 


Now,  quinoline  differs  from  pyridine,  just  as  naphthalene 

2 ic 
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differs  from  benzene,  in  being  much  more  readily  oxidised, 
and  when  heated  with  potassium  permanganate  it  yields 
quinolinic  acid,  C5H3N(COOH)2,  a derivative  of  pyridine  (p. 
479)  ; this  fact  proves  that  quinoline  contains  a pyridine 
nucleus;  hut  it  also  contains  a benzene  nucleus,  as  is  shown 
by  its  formation  from  aniline  by  Skraup’s  method.  Its  con- 
stitution must,  therefore,  be  expressed  by  one  of  the  above 
formulae,  as  these  facts  admit  of  no  other  interpretation.  As, 
moreover,  the  carboxyl-groups  in  quinolinic  acid  are  in  the 
a:/3-position  (compare  p.  480),  formula  ii.  is  inadmissible,  a 
conclusion  which  is  obviously  necessary  to  explain  the  forma- 
tion of  quinoline  from  aniline.  For  these  and  other  reasons, 
the  constitution  of  quinoline  is  represented  by  formula  i.  (the 
other  expressing  that  of  isoquinoline). 

The  formation  of  quinoline  from  aniline  and  glycerol  may 
bo  explained  as  follows : The  glycerol  and  sulphuric  acid 
first  interact,  yielding  acrolein  (part  i.  pp.  249,  25G),  which 
then  condenses  with  aniline  (as  do  all  aldehydes),  forming 
acrylaniiine , 

C0TI5-NH2  + CHO-CH:CH,  = C6H5-N:CH-CH:CH2  + H20; 

this  substance,  under  the  oxidising  action  of  the  nitro- 
benzene, loses  two  atoms  of  hydrogen,  and  is  converted  into 
quinoline, 


Many  derivatives  of  quinoline  maybe  obtained  by  Skraup’s 
method,  using  derivatives  of  aniline  instead  of  the  base 
itself;  when,  for  example,  one  of  the  three  toluidines  (p.  364) 
is  employed,  a methylguinoline  is  formed,  the  position  of  the 
methyl-group — which  is,  of  course,  united  with  the  benzene 
and  not  with  the  pyridine  nucleus — depending  on  which  of  the 
toluidines  is  taken. 
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Isoquinoline,  C9H7N,  occurs  in  coal-tar  quinoline,  and  may  be 
isolated  by  converting  the  fraction  of  the  mixed  bases,  boiling  at 
239-243°,  into  the  acid  sulphates,  CaH7N,H2S04,  and  recrystallising 
these  salts  from  alcohol  (88  per  cent. ) until  the  crystals  melt  at  205°. 
The  sulphate  of  isoquinolirie  thus  obtained  is  decomposed  by  potash, 
and  the  base  purified  by  distillation.  Isoquinoline  is  very  like 
quinoline  in  chemical  properties,  but  it  is  solid,  and  melts  at  22° ; 
its  boiling-point,  241°,  is  also  slightly  higher  than  that  of  quinoline 
(239°). 

The  constitution  of  isoquinoline  is  very  clearly  proved  by  its 
behaviour  on  oxidation  with  permanganate,  when  it  yields  both 
phthalic  acid  and  cinchomeronic  acid,  C5H3N(COOH).,,  or  pyridine- 
/Sy-dicarboxylic  acid ; oxidation  takes  place,  therefore,  in  two 
directions,  in  the  one  case  the  pyridine  (Py),  in  the  other  the 
benzene  (B),  nucleus  being  broken  up. 


CH  CH  CH  CH 


Lsoquinoline.  Phthalic  Acid.  Cinchomeronic  Acid. 


Secondary  and  Tertiary  Aromatic  Bases. — Compounds  sueli 
as  pyridine,  piperidine,  and  quinoline,  which  owe  their  basic 
character  to  the  presence  of  nitrogen  forming  part  of  a closed- 
chain  or  nucleus,  are  classed  as  secondary  or  tertiary  bases, 
according  as  the  nitrogen  atom  is  combined  with  hydrogen, 
as  well  as  with  carbon,  or  only  with  the  latter. 

The  secondary  bases,  such  as  piperidine,  which  contain  an 
^>NH-group,  show  in  some  respects  the  behaviour  of 
secondary  amines.  When  treated  with  nitrous  acid  they  yield 
nitroso-derivatives  (which  give  Liebermann’s  reaction), 

>NIi  + IIO. NO  = >NNO  + II20, 

and  when  warmed  with  an  alkyl  halogen  compound,  such  as 
methyl  iodide,  they  are  converted  into  alkyl-derivatives  by 
the  substitution  of  an  alkyl-group  for  the  hydrogen  atom  of 
the  >NH-group, 

>NH  -f  CH3I  = >N-CH3,HI, 


484 


FYRIDINE  AND  QUINOLTNE. 


just  as  diethylamine,  for  example,  interacts  with  ethyl  iodide, 
giving  triethylamine, 

(C2H6)2NH  + C2H5T  = (C2II5)2N-C2HS,III. 

These  alkyl-derivatives  of  the  secondary  bases  are  them- 
selves tertiary  bases,  and  have  the  property  of  forming 
additive  products  with  alkyl  halogen  compounds,  giving 
salts  corresponding  with  the  quaternary  ammonium  salts 
(part  i.  pp.  204,  205), 

>N-CH3  + CH3I  = >N.CHs,CH8I,  or  >N(CH3)SL 
The  hydrogen  atom  of  the  ^>NH-group  in  secondary  bases 
is  also  displaceable  by  the  acetyl-group  and  by  other  acid 
radicles. 

The  tertiary  bases,  such  as  pyridine  and  quinoline,  in  which 
the  nitrogen  atom  is  not  directly  united  with  hydrogen, 
behave  in  many  respects  like  the  tertiary  amines ; they  do  not 
yield  nitroso-  nor  acetyl-derivatives,  but  when  treated  with  an 
alkyl  halogen  compound  they  yield  additive  compounds,  cor- 
responding with  the  quaternary  ammonium  salts,  without  the 
formation  of  any  intermediate  product, 

>X  + CH3I  = >N,CH3T,  or 

These  differences  in  behaviour  make  it  an  easy  matter  to 
distinguish  between  secondary  and  tertiary  aromatic  bases  of 
this  class. 


CHAPTER  XXXIII. 

ALKALOIDS. 

The  alkaloids,  like  the  carbohydrates  (part  i.  p.  259),  do 
not  form  a well-defined  group,  this  term  being  applied  to 
nearly  all  basic  nitrogenous  substances  which  occur  in  plants, 
irrespective  of  any  similarity  in  properties  or  constitution. 

Most  alkaloids  are  composed  of  carbon,  hydrogen,  oxygen, 
and  nitrogen,  and  are  crystalline  and  non-volatile,  but  a few, 
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notably  coniine  and  nicotine,  are  composed  of  carbon,  hydro- 
gen, and  nitrogen  only,  and  are  volatile  liquids ; with  the 
exception  of  these  liquid  compounds,  which  are  readily 
soluble,  the  alkaloids  are  usually  sparingly  soluble  in  water, 
but  dissolve  much  more  readily  in  alcohol,  chloroform,  ether, 
and  other  organic  solvents ; they  are  all  soluble  in  acids,  with 
which  they  usually  form  well-defined,  crystalline  salts.  Many 
alkaloids  have  a very  bitter  taste,  and  are  excessively  poison- 
ous ; many,  moreover,  are  extensively  used  in  medicine,  and 
their  value  in  this  respect  can  hardly  be  overrated. 

Generally  speaking,  the  alkaloids  are  tertiary  aromatic  bases, 
but,  with  few  exceptions,  their  constitutions  have  not  been 
established,  owing  partly  to  their  complexity,  partly  to  the 
difficulties  which  are  experienced  in  resolving  them  into 
simpler  compounds  which  throw  any  light  on  the  structure 
of  their  molecules.  Nevertheless,  work  has  been  done  in  this 
direction,  and  it  is  known  that  many  alkaloids  are  derivatives 
of  pyridine,  or  of  quinoline,  because  they  yield  these  bases,  or 
their  derivatives,  when  strongly  heated  with  potash,  and,  on 
oxidation,  usually  with  potassium  permanganate,  they  give 
carboxylic  acids  of  pyridine  and  quinoline. 

It  is  a remarkable  fact  that  by  far  the  greater  number  of 
alkaloids  contain  one  or  two,  sometimes  three  or  more, 
methoxy-groups  (-0-CH3),  united  with  a benzene  nucleus 
(as  in  anisole,  CUH.- 0 • CH.,,  p.  392),  and  the  determination 
of  the  number  of  such  groups  in  the  molecule  is  of  the 
greatest  importance  in  establishing  the  constitution  of  an 
alkaloid,  because  in  this  way  some  of  the  carbon  and  hydro- 
gen atoms  are  at  once  disposed  of.  The  method  employed 
for  this  purpose  depends  on  the  fact  that  all  substances  con- 
taining methoxy-groups  are  decomposed  by  hydriodic  acid, 
yielding  methyl  iodide  and  a hydroxy-compound  (compare 
anisole)  in  accordance  with  the  general  equation, 

n(-0-CII3)  + will  = n(-0  H)  + nCH3I; 
by  estimating  the  amount  of  methyl  iodide  obtained  from  a 
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known  weight  of  a given  compound,  it  is  easy,  therefore,  to 
determine  the  number  of  methoxy-groups  in  the  molecule. 

This  method  was  first  applied  by  Zeisel,  and  is  of  general 
application,  as  it  affords  a means  of  accurately  determin- 
ing the  number  of  methoxy-groups,  not  only  in  alkaloids, 
but  in  any  other  substances  in  which  they  occur ; it  is  carried 
out  as  follows  : 


A distilling  flask  of  about  35  c.c.  capacity  (A,  fig.  20),  with  the 
side-tube  bent  as  shown,  and  suspended  in  a beaker  of  glycerol, 
is  fixed  to  the  condenser  (B)  by  means  of  a cork,  and  connected 
with  an  apparatus  for  generating  carbon  dioxide. 

The  condenser,  through  which  water  at  50°  circulates  from  the 
bottle  (C),  is  attached  to  the  ‘potash  bulbs,’  which  contain  water 
and  about  0-5  gram  of  amorphous  phosphorus ; the  bulbs  are  sus- 
pended in  a beaker  of  water  kept  at  60°,  and  connected,  as  shown, 
with  two  flasks  (D,  E),  containing  respectively  50  c.c.  and  25  c.c.  of 
an  alcoholic  solution  of  silver  nitrate  (prepared  by  adding  100  c.c.  of 
absolute  alcohol  to  a solution  of  5 grams  of  silver  nitrate  in  12  c.c. 
of  water). 

In  carrying  out  the  estimation,  about  0-3  gram  of  the  substance 
under  examination  is  placed  in  the  flask  A,  together  with  10  c.c.  of 
fuming  hydriodic  jj,cid,  and  the  temperature  of  the  glycerol  bath 
is  gradually  raised,  until  the  acid  just  boils,  carbon  dioxide,  at  the 
rate  of  about  3 bubbles  in  2 seconds,  being  passed  all  the  time. 

The  methyl  iodide  thus  formed  is  carried  forward  through  the 
condenser  into  the  ‘potash  bulbs,’  where  it  is  freed  from  hydriodic 
acid  and  from  small  quantities  of  iodine,  which  it  always  contains; 
it  then  passes  into  the  alcoholic  silver  nitrate  solution,  and  is  de- 
composed with  separation  of  silver  iodide.  The  operation,  which 
occupies  about  two  hours,  is  at  an  end  when  the  precipitate  in  the 
flask  settles,  and  leaves  a clear,  supernatant  liquid. 

The  contents  of  flask  E are  poured  into  5 vols.  of  water  and 
gently  warmed ; if,  as  is  usually  the  case,  no  precipitation  takes 
place  after  five  minutes,  the  solution  is  neglected  ; if,  however,  a 
precipitate  forms,  it  must  be  collected  and  added  to  that  contained 
in  flask  D.  The  .alcoholic  liquid  in  flask  D is  decanted  from  the 
precipitate,  mixed  with  water  (300  c.c.)  and  a few  drops  of  nitric 
acid,  and  heated  to  boiling  until  free  from  alcohol ; any  pre- 
cipitate is  then  added  to  the  main  quantity,  the  whole  digested 
for  a few  minutes  with  dilute  nitric  acid,  collected  on  a filter,  dried, 
and  weighed. 
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Tlie  extraction  of  alkaloids  from  plants,  and  their  subsequent 
purification,  are  frequently  matters  of  considerable  difficulty, 
partly  because  in  many  cases  a number  of  alkaloids  occur 
together,  partly  because  of  the  neutral  and  acid  substances, 
such  as  the  glucosides,*  sugars,  tannic  acid,  malic  acid,  &c., 
which  are  often  present  in  large  quantities.  Generally  speak- 
ing, they  may  be  extracted  by  treating  the  macerated  plant  or 
vegetable  product  with  dilute  acids,  which  dissolve  out  the 
alkaloids  in  the  form  of  salts ; the  filtered  solution  may  then 
be  treated  with  soda  to  liberate  the  alkaloids,  which,  being 
sparingly  soluble,  are  usually  precipitated,  and  may  be  separ- 
ated by  filtration ; if  not,  the  alkaline  solution  is  extracted 
with  other,  chloroform,  &c.  The  products  are  finally  purified 
by  recrystallisation,  or  in  some  other  manner. 

Most  alkaloids  give  insoluble  precipitates  with  a solution  of 
tannic,  picric,  phosphomolybdic,  or  phosphotungstic  acid, 
and  with  a solution  of  mercuric  iodide  in  potassium  iodide, t 
&e. ; these  reagents,  therefore,  are  often  used  for  their  detec- 
tion and  isolation. 

Only  the  more  important  alkaloids  are  described  in  the 
following  pages. 

Alkaloids  derived  from  Pyridine. 

Coniine,  C8IIl7N,  one  of  the  simplest  known  alkaloids,  is 
contained  in  the  seeds  of  the  spotted  hemlock  ( Gonium  macula- 
turn),  from  which  it  may  be  prepared  by  distillation  with  soda. 

It  is  a colourless  oil,  boiling  at  107°,  and  is  readily  soluble 
in  water ; it  has  a most  penetrating  odour,  and  turns  brown 

* The  term  rjhicosule  is  applied  to  all  those  vegetable  products  which, 
on  treatment  with  acids  or  alkalies,  yield  a sugar,  or  some  closely  allied 
carbohydrate  and  one  or  more  other  substances  (which  are  frequently 
phenols  or  aromatic  aldehydes)  as  decomposition  products  (compare  amyg- 
dalin,  p.  405  ; salicin,  p.  404;  ruberythric  acid,  p.  405,  &c.). 

f For  the  preparation  of  these  solutions  larger  works  must  be  consulted. 
In  cases  of  alkaloid  poisoning  it  is  usual,  after  using  the  stomach-pump,  to 
wash  out  the  stomach  witli  dilute  tannic  acid,  or  to  administer  strqng  tea 
(which  contains  tannin),  in  order  to  render  the  alkaloids  insoluble,  and, 
therefore,  harmless. 
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on  exposure  to  air.  Coniine  is  a strong  base,  anil  com- 
bines with  acids  to  form  salts,  such  as  the  hydrochloride , 
C8Hl7N,HCl,  which  are  readily  soluble  in  water  ; both  the 
base  and  its  salts  are  exceedingly  poisonous,  a few  drops  of 
the  pure  substance  causing  death  in  a short  time  by  paralysing 
the  muscles  of  respiration. 

Ladenburg  has  shown  that  coniine  is  dextrorotatory  a -propyl- 
piperidine, 


NU 

and  has  succeeded  in  preparing  it  synthetically,  the  lirst 
instance  of  the  synthesis  of  an  optically  active  alkaloid. 


a-Propylpiperidine  contains  an  asymmetries  carbon  atom  (shown 
in  heavy  type — compare  p.  533),  and,  therefore,  like  lactic  acid,  it 
exists  in  three  modifications,  all  of  which  have  been  synthetically 
prepared  ; the  racemic  modification  may  be  separated  into  the  two 
optically  active  compounds  by  crystallisation  of  its  tartrate  (com- 
pare p.  544). 

Nicotine,  C10H14N2,  is  present  in  the  leaves  of  the  tobacco 
plant  ( Nicotiana  tubacum),  combined  with  malic  or  citric  acid. 


Tobacco  leaves  are  extracted  with  boiling  water,  the  extract 
concentrated,  mixed  with  milk  of  lime,  and  distilled  ; the  distillate 
is  acidified  with  oxalic  acid,  evaporated  to  a small  bulk,  decomposed 
with  potash,  and  the  free  nicotine  extracted  with  ether.  The 
ethereal  solution,  on  evaporation,  deposits  the  crude  alkaloid,  which 
is  purified  by  distillation  in  a stream  of  hydrogen. 

Nicotine  is  a colourless  oil,  which  boils  at  241°,  possesses 
a very  pungent  odour,  and  rapidly  turns  brown  on  exposure 
to  air;  it  is  readily  soluble  in  water  and  alcohol.  It  is  a 
strong  di-acid  base,  and  forms  crystalline  salts,  such  as  the 
hydrochloride,  C10HUN2,2HC1 ; it  combines  directly  with  two 
molecules  of  methyl  iodide,  yielding  nicotine  d-imethiodi.de, 
C10H]4N2,2CIi3I,  a fact  which  shows  that  it  is  a di-tertiary 
base  (p.  484).  When  oxidised  with  chromic  acid,  it  yields 


490 


ALKALOIDS. 


nicotinic  acid  (pyridine-/3-carboxylic . acid,  p.  479);  it  is, 
therefore,  a pyridine-derivative,  but  its  constitution  lias  not 
yet  been  determined. 

Nicotine  is  exceedingly  poisonous,  two  or  three  drops  taken 
into  the  stomach  being  sufficient  to  cause  death  in  a few 
minutes.  It  shows  no  very  characteristic  reactions,  but  its 
presence  may  be  detected  by  its  extremely  pungent  odour 
(which  recalls  that  of  a foul  tobacco  pipe). 

Piperine,  Cl7H19N03,  occurs  to  the  extent  of  about  8-9  per 
cent,  in  pepper,  especially  in  black  pepper  (Piper  nigrum), 
from  which  it  is  easily  extracted. 

The  pepper  is  powdered  and  warmed  with  milk  of  lime  for  15 
minutes ; the  mixture  is  then  evaporated  to  dryness  on  a water- 
bath,  extracted  with  ether,  the  ethereal  solution  evaporated,  and 
the  residual  crude  piperine  purified  by  recrystallisation  from  alcohol. 

It  crystallises  in  prisms,  melts  at  128°,  and  is  almost 
insoluble  in  water ; it  is  only  a very  weak  base,  and  when 
heated  with  alcoholic  potash,  it  is  decomposed  into  piperidine 
(p.  476)  and  piperic  acid, 

ClTHinN03  + H20  = C5HnN  + C12H10O4. 

Piperidine.  Piperic  Acid. 

Atropine,  or  daturine,  C1TH23N03,  does  not  occur  in  nature, 
although  it  is  prepared  from  the  deadly  nightshade  (Atropa 
belladonna).  This  plant  contains  two  isomeric  and  closely 
related  alkaloids  hyoscgamine  and  liyoscine,  and  the  former 
readily  undergoes  intramolecular  change  into  atropine  on 
treatment  with  bases. 

The  plant  is  pressed,  the  juice  mixed  with  potash,  and  extracted 
with  chloroform  (1  litre  of  juice  requires  4 grams  of  potash  and 
30  grams  of  chloroform) ; the  chloroform  is  then  evaporated,  the 
atropine  extracted  from  the  residue  with  dilute  sulphuric  acid,  the 
solution  treated  with  potassium  carbonate,  and  the  precipitated 
alkaloid  recrystallised  from  alcohol. 

It  crystallises  from  dilute  alcohol  in  glistening  prisms,  and 
melts  at  115°;  it  is  readily  ^olublc  in  alcohol,  ether,  and 
chloroform,  but  almost  insoluble  in  water.  AVhen  boiled 


ALKALOIDS. 


491 


with  baryta  water  it  is  readily  hydrolysed,  yielding  tropic  acid 
and  a base  called  tropine,  which  is  a derivative  of  pyridine, 

C1TH*NO,  + 11.0  . CeH,.CH<™g°H  + C„HlsNO. 

Tropic  Acid.  Tropine. 

Atropine  is  a strong  base,  and  forms  well  characterised  salts,  of 
which  the  sulphate,  (Cl7H23N03),,H2S04,  is  readily  soluble, 
and,  therefore,  most  commonly  used  in  medicine ; both  the 
base  and  its  salts  are  excessively  poisonous,  0-05 — 0-2  gram 
causing  death.  Atropine  sulphate  is  largely  used  in  ophthalmic 
surgery,  owing  to  the  remarkable  property  which  it  possesses 
of  dilating  the  pupil  when  its  solution  is  placed  on  the  eye. 

Test  for  Atropine. — If  a trace  of  atropine  be  moistened 
with  fuming  nitric  acid,  and  evaporated  to  dryness  on  a water- 
bath,  it  yields  a yellow  residue,  which,  on  the  addition  of 
alcoholic  potash,  gives  an  intense  violet  solution,  the  colour 
gradually  changing  to  red. 

Cocaine,  Cl7H.nN04,  and  several  other  alkaloids  of  less 

importance,  are  contained  in  coca  leaves  ( Enjthroxylon  coca). 

* 

The  coca  leaves  are  extracted  with  hot  water  (80°),  the  solution 
mixed  with  lead  acetate  (in  order  to  precipitate  tannin,  &c. ), 
filtered,  and  the  lead  in  the  filtrate  precipitated  with  sodium  sul- 
phate; the  solution  is  then  rendered  alkaline  with  soda,  the  cocaine 
extracted  with  ether,  and  purified  by  recrystallisation  from  alcohol. 

Cocaine  crystallises  in  colourless  prisms,  melts  at  98°,  and 
is  sparingly  soluble  in  water ; it  forms  well-characterised 
salts,  of  which  the  hydrochloride,  C17H.,1N04,HC1,  is  most 
largely  used  in  medicine.  Cocaine  is  a very  valuable  local 
anaesthetic,  and  is  used  in  minor  surgical  operations,  as  its 
local  application  takes  away  all  sensation  of  pain ; it  is, 
however,  poisonous,  one  grain  injected  subcutaneously  having 
been  attended  with  fatal  results. 

AY  lien  heated  with  acids  or  alkalies,  cocaine  is  readily 
hydrolysed  with  formation  of  benzoic  acid,  methyl  alcohol,  and 
ecgonine  (a  derivative  of  tetrahydropyridine), 

Ci7H,iN(>4  + 211,0  = C0H5-COOH  + ClI.,-011  + CuIi16N03. 
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A Hal aids  derived  from  Quinoline. 

Quinine,  C20H24N2O2,  cinchonine  (see  below),  and  several 
other  allied  alkaloids,  occur  in  all  varieties  of  cinchona-bark, 
some  of  which  contain  as  much  as  3 per  cent,  of  quinine. 
The  alkaloids  are  contained  in  the  bark,  combined  with  tannic 
and  quinic  acids.* 

The  powdered  bark  is  extracted  with  dilute  sulphuric  acid,  and 
the  solution  of  the  sulphates  precipitated  with  soda.  The  crude 
mixture  of  alkaloids  thus  obtained  is  dissolved  in  alcohol,  the 
solution  neutralised  with  sulphuric  acid,  and  the  sulphates,  which 
are  deposited,  repeatedly  recrystallised  from  water.  Quinine 
sulphate  is  the  least  soluble,  and  separates  out  first,  the  sulphates 
of  cinchonine  and  the  other  alkaloids  remaining  in  solution  ; from 
the  pure  sulphate,  quinine  may  be  obtained  as  an  amorphous 
powder  by  adding  ammonia. 

Quinine  crystallises  in  silky  needles,  melts  at  177°,  and  is 
only  very  sparingly  soluble  in  water;  it  is  only  a feeble  di- 
acid base,  and  generally  forms  acid  salts,  such  as  the  sulphate, 
(C20H24N2O2)2,H2SO4  + 8II20 ; many  of  its  salts  are  solublo 
in  water,  and  much  used  in  medicine  as  tonics,  and  for  lower- 
ing the  temperature  in  cases  of  fever,  &c. 

Quinine  is  a di-tertiary  base,  because  it  combines  with  methyl 
iodide  to  form  quinine  dimet/i iodide,  C20H24N.2O2,(CHgI)2 ; 
it  is  a derivative  of  quinoline,  because,  on  oxidation  with 
chromic  acid,  it  yields  quininic  acid  (methoxyquinolinc-y-car- 
boxylic  acid), 


Quinine  appears  to  be  methoxy-cinchonine,  and  that  it 
contains  one  methoxy-group,  has  been  demonstrated  by 
Zcisel’s  method  (p.  48G) ; this  view  accords  with  the  fact 

* Quinic  aril/,  C„H-(OH)4COOH,  crystallises  in  colourless  prisms,  and 
melts  at  162°.  It  is  a derivative  of  benzoic  acid,  being,  in  fact,  hexahydro- 
tetrahydroxy  benzoic  acid. 
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that,  whereas  cinchonine,  on  oxidation,  yields  quinoline-y- 
carboxylic  acid,  quinine  yields  the  methoxy-derivative  of 
this  acid : in  spite,  however,  of  a great  amount  of  laborious 
investigation,  the  constitution  of  quinine  is  still  an  unsolved 
problem. 

Tests  for  Quinine. — If  a solution  of  a salt  of  quinine  be 
mixed  with  chlorine-  or  bromine-water,  and  then  ammonia 
added,  a highly  characteristic  emerald  green  colouration  is 
produced ; quinine  is  also  characterised  by  the  fact  that 
dilute  solutions  of  its  salts  show  a beautiful  light-blue 
fluorescence. 

Cinchonine,  Cli,II.)„N’„0,  accompanies  quinine  in  almost 
all  the  cinchona-barks,  and  is  present  in  some  kinds  (in 
the  bark,  China  Huanaco)  to  the  extent  of  2-5  per  cent. 

In  order  to  prepare  cinchonine,  the  mother-liquors  from  the 
crystals  of  quinine  sulphate  (see  above)  are  treated  with  socla,  and 
the  precipitate  dissolved  in  the  smallest  possible  quantity  of  boiling 
alcohol ; the  crude  cinchonine,  which  separates  on  cooling,  is  further 
purified  by  converting  into  the  sulphate,  and  crystallising  this  salt 
from  water. 

Cinchonine  crystallises  in  colourless  prisms,  melts  at  250°, 
and  resembles  quinine  in  ordinary  properties;  its  salts,  for 
example,  are  antipyretics,  but  are  much  less  active  than 
those  of  quinine. 

Oxidising  agents,  such  as  nitric  acid  and  potassium  per- 
manganate, readily  attack  cinchonine,  converting  it  into  a 
variety  of  substances,  one  of  the  most  important  of  which  is 
cinchoninie  acid,  or  quinoline-y-car  boxy  lie  acid, 


coon 


N 


The  formation  of  this  acid  not  only  proves  that  cinchonine 
is  a quinoline-derivative,  but  also  shows  the  close  relationship 
existing  between  quinine  and  cinchonine  (sec  above). 
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Stiychnine,  CgiTEjoNgOg,  and  brucine,  two  highly  poisonous 
alkaloids,  arc  contained  in  the  seeds  of  Strychnos  vux  vomica 
and  of  Strychnos  Iynatii  (Ignatius’  beans),  but  they  are  usually 
extracted  from  the  former. 

Powdered  mix  vomica  is  boiled  with  dilute  alcohol,  the  filtered 
solution  evaporated  to  expel  the  alcohol,  and  treated  with  lead 
acetate  to  precipitate  tannin,  &c.  The  filtrate  is  then  treated  with 
hydrogen  sulphide  to  precipitate  the  lead,  and  the  filtered  solution 
mixed  with  magnesia  and  allowed  to  stand.  The  precipitated 
alkaloids  are  separated,  and  warmed  with  a little  alcohol,  which 
dissolves  out  the  brucine  ; the  residual  strychnine  is  further  purified 
by  recrystallisation  from  alcohol. 

The  alcoholic  solution  of  the  brucine— which  still  contains 
strychnine— is  evaporated,  and  the  residue  dissolved  in  dilute  acetic 
acid  ; this  solution  is  now  evaporated  to  dryness  on  a water-bath, 
during  which  process  the  strychnine  acetate  decomposes,  with  loss 
of  acetic  acid  and  separation  of  the  free  base.  The  stable  brucine 
acetate  is  dissolved  again  by  adding  water,  the  filtered  solution 
treated  with  soda,  and  the  precipitated  brucine  purified  by  re- 
crystallisation  from  dilute  alcohol. 

Strychnine  crystallises  in  beautiful  rhombic  prisms,  and 
melts  at  284° ; although  it  is  very  sparingly  soluble  in  water 
(1  part  in  4000  at  15°),  its  solution  possesses  an  intensely 
bitter  taste,  and  is  very  poisonous.  Strychnine  is,  in  fact, 
one  of  the  most  poisonous  alkaloids,  half  a grain  of  the 
sulphate  having  caused  death  in  twenty  minutes. 

Although  strychnine  contains  two  atoms  of  nitrogen,  it  is, 
like  brucine,  only  a mon-acid  base,  forming  salts,  such  as  the 
hydrochloride,  C21H02N200,HC1,  with  one  equivalent  of  an 
acid  ; many  of  the  salts  are  soluble  in  water.  It  is,  further- 
more, a tertiary  base,  because  it  combines  with  methyl  iodide 
to  form  strychnine  methioclide,  C.,  t H22N202,  CH3I. 

When  distilled  with  potash,  strychnine  yields,  among  other 
products,  quinoline ; probably,  therefore,  it  is  a derivative  of 
this  base. 

Test  for  Strychnine. — Strychnine  is  very  readily  detected, 
as  it  shows  many  characteristic  reactions,  of  which  the  follow- 
ing is  the  most  important : When  a small  quantity  of  powdered 
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strychnine  is  placed  in  a large  porcelain  basin,  a little  con- 
centrated sulphuric  acid  added,  and  then  a little  powdered 
potassium  bichromate  dusted  over  the  liquid,  an  intense  violet 
solution,  which  gradually  becomes  bright-red,  and  then  yellow, 
is  produced. 

Brucine,  C.23H2(.iN204,  crystallises  in  colourless  prisms,  with 
4 mols.  H20,  and  melts  at  17S°.  It  is  more  readily  soluble 
in  water  and  in  alcohol  than  strychnine,  and,  although  very 
poisonous,  it  is  not  nearly  so  deadly  as  the  latter  (its  physio- 
logical effect  being  only  about  ^jth  of  that  of  strychnine). 
Although  it  contains  two  atoms  of  nitrogen,  brucine,  like 
strychnine,  is  a mon-acid  base.  The  hydrochloride,  for  ex- 
ample, has  the  composition  C2aH26N204,  HC1 ; it  is  also  a 
tertiary  base,  because  it  combines  with  methyl  iodide,  to  form 
brucine  methiodide,  C2aII20N2O4,  CHSI. 

Test  for  Brucine. — When  a solution  of  a brucine  salt  is 
treated  with  nitric  acid,  a deep  brownish-red  colouration  is 
obtained,  and,  on  warming,  the  solution  becomes  yellow;  if 
now  stannous  chloride  be  added,  an  intense  violet  colouration 
is  produced. 

This  colour  reaction  serves  as  a delicate  test,  both  for 
brucine  and  for  nitric  acid,  as  it  may  be  carried  out  with  very 
small  quantities. 


Alkaloids  contained  in  Opium. 

The  juice  of  certain  kinds  of  poppy-heads  (Papaver  sonmi- 
ferum)  contains  a great  variety  of  alkaloids,  of  which  morphine 
is  the  most  important,  but  codeine,  narcotine,  thebaine,  and 
papaverine  may  also  be  mentioned.  All  these  compounds  are 
present  in  the  juice  in  combination  with  meconic  acid*  and 
partly  also  with  sulphuric  acid.  When  incisions  are  made  in 

Meconic  acid,  GVJTO.jfO FI ) ( COO H )o,  is  a hydroxydicarboxylic  acid  be- 
longing  tu  the  fatty  series.  It  crystallises  with  three  molecules  of  water, 
and  gives,  with  ferric  chloride,  an  intense  dark-red  colouration.  In  cases 
of  suspected  opium-poisoning  this  acid  is  always  tested  for,  owing  to  the 
ease  with  which  it  can  be  detected  by  this  colour  reaction. 
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the  poppy-lieads,  and  the  juice  which  exudes  is  collected 
and  left  to  dry,  it  assumes  a pasty  consistency,  and  is  called 
opium.  An  alcoholic  tincture  of  opium,  containing  about  1 
grain  of  opium  in  15  minims,  is  known  as  laudanum. 

Preparation  of  Morphine. — Opium  is  extracted  with  hot  water, 
the  extract  boiled  with  milk  of  lime,  and  liltered  from  the  precipi- 
tate, which  contains  the  meconic  acid,  and  all  the  alkaloids,  except 
morphine.  The  filtrate  is  then  concentrated,  digested  with 
ammonium  chloride  until  ammonia  ceases  to  he  evolved  (to  convert 
any  lime  present  into  soluble  calcium  chloride),  and  allowed  to  stand 
for  some  days ; the  morphine,  which  separates,  is  collected  and 
purified  by  recrystallisation  from  fusel  oil  (part  i.  p.  99). 

Morphine,  C17H10NO3,  crystallises  in  colourless  prisms,  with 
1 mol.  H20,  and  is  only  slightly  soluble  in  water  and  cold 
alcohol,  hut  dissolves  readily  in  potash  and  soda,  from  which 
it  is  reprecipitated  on  the  addition  of  acids ; it  has,  in  fact, 
the  properties  of  a phenol.  At  the  same  time,  it  is  a mon- 
acid base,  and  forms  well-characterised  salts  with  acids.  The 
hydrochloride,  Cl7II]9N03,HCl  -f  3H.20,  crystallises  from 
water  in  colourless  needles,  and  is  the  salt  most  commonly 
employed  in  medicine.  Morphine  has  a bitter  taste,  and  is 
excessively  poisonous,  one  grain  of  the  hydrochloride  having 
been  found  sufficient  to  cause  death  ; on  the  other  hand,  the 
system  may  become  so  accustomed  to  the  habitual  use  of 
opium  that,  after  a time,  very  large  quantities  may  he  taken 
daily  without  fatal  effects. 

Morphine  hydrochloride  is  extensively  used  in  medicine  as 
a soporific,  especially  in  cases  of  intense  pain,  which  it  relieves 
in  a remarkable  manner. 

Tests  for  Morphine. — Morphine  has  the  property  of  liberat- 
ing iodine  from  a solution  of  iodic  acid.  If  a little  iodic 
acid  be  dissolved  in  water,  and  a few  drops  of  a solution 
of  morphine  hydrochloride  added,  a brownish  colouration  is  at 
once  produced,  owing  to  the  liberation  of  iodine,  and,  on 
adding  some  of  the  solution  to  starch-paste,  the  well-known 
deep-blue  colouration  is  obtained. 

A solution  of  morphine,  or  of  a morphine  salt,  gives  a deep-  , 
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blue  colouration  with  ferric  chloride,  but,  perhaps,  the  most 
delicate  test  for  the  alkaloid  is  the  following  : If  a trace  of 
morphine  be  dissolved  in  concentrated  sulphuric  acid,  the 
solution  kept  for  15  hours,  and  then  treated  with  nitric  acid, 
it  gives  a bluish-violet  colour,  which  changes  to  blood-red. 
This  reaction  is  very  delicate,  and  is  well  shown  by  0-01 
milligramme  of  morphine. 

The  constitution  of  morphine  is  still  undetermined,  but  that 
it  is  a tertiary  base  is  proved  by  the  fact  that,  when  treated 
with  methyl  iodide,  it  yields  morphine  methiodide, 

cith19no3,ch3i. 

Morphine  contains  two  hydroxyl -groups,  one  of  which  is  phenolic, 
the  other  alcoholic.  The  third  atom  of  oxygen  present  in  the  mole- 
cule is  not  ketonic  (that  is,  present  as  >CO) ; it  must,  therefore, 
he  combined  with  two  carbon  atoms  -C— 0 — C-  (as  in  ordinary 
ether).  It  is  to  the  presence  of  the  phenolic  hydroxyl-group  that 
morphine  owes  its  property  of  dissolving  in  alkalies,  and  giving  a 
blue  colour  with  ferric  chloride. 

If  the  base  be  heated  with  potash  and  methyl  iodide,  methyl- 
morphine,  C)7Hi7NO(OCH.,)-OII,  is  produced,  a substance  which  is 
identical  with  codeine,  an  alkaloid  which  accompanies  morphine 
in  opium.  Codeine  is  insoluble  in  alkalies,  and  is,  therefore,  not  a 
phenol  ; it  behaves,  however,  like  an  alcohol,  and  gives,  with  acetic 
anhydride,  acctylcodeinc,  C]7H17NO(OCH3)-C2II:lO.>- 

It  is  very  remarkable  that  morphine  is  a derivative  of  phenan- 
tlirene,  as  derivatives  of  this  hydrocarbon  are  very  seldom  met  with 
in  nature.  If  morphine  be  distilled  with  zinc-dust,  a considerable 
quantity  of  this  hydrocarbon  is  obtained,  together  with  pyridine, 
quinoline,  and  other  substances. 


Alkaloid  a related  to  Uric  Acid. 

Caffeine,  the'inc,  or  methyl  theobromine,  C8IT10N4O2,  occurs 
in  coffee-beans  per  cent.),  in  tea  (2  to  4 per  cent.),  in 
kola-nuts  (2-5  per  cent.),  and  in  other  vegetable  products. 

Tea  (I  part)  is  macerated  with  hot  water  (4  parts),  milk  of  lime 
(1  part)  added,  and  the  whole  evaporated  to  dryness  on  a water- 
bath  ; the  caffeine  is  then  extracted  from  the  residue  by  means  of 
chloroform,  the  extract  evaporated,  and  the  crude  base  purified  by 
recrystallisation  from  water. 
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Caffeine  crystallises  in  long,  colourless  needles,  with  1 mol. 
H20,  melts  at  225°,  and  at  higher  temperatures  sublimes  un- 
decomposed ; it  has  a bitter  taste,  and  is  sparingly  soluble 
in  cold  water  and  alcohol.  Caffeine  is  a feeble  base,  and 
forms  salts  only  Avith  strong  acids ; the  hydrochloride, 
C8H10N4O2,HCl,  is  at  once  decomposed  on  treatment  with 
Avater,  Avitli  separation  of  the  base. 

The  constitution  of  caffeine  has  been  determined  by  E. 
Fischer,  Avho  has  shown  that  this  substance  and  uric  acid  are 
very  closely  allied  ; caffeine  is,  therefore,  an  example  of  an 
alkaloid  Avhich  is  not  a derivative  of  pyridine  or  quinoline. 

Tests  for  Caffeine. — If  a trace  of  caffeine  be  evaporated  Avitli 
concentrated  nitric  acid,  it  gives  a yelloiv  residue  (amalinic 
acid),  which,  on  the  addition  of  ammonia,  becomes  intensely 
violet  (murexide  reaction) ; this  reaction  is  also  shown  by  uric 
acid  (part  i.  p.  292).  A solution  of  caffeine  in  chlorine  water 
yields,  on  evaporation,  a yelloAvisli-broAvn  residue,  Avhich  dis- 
solves in  dilute  ammonia,  with  a beautiful  violet- red  colouration. 

Theobromine,  C7H8N402,  occurs  in  cocoa-beans,  from  Avliicli  it  may 
be  obtained  by  treatment  with  lime,  and  extraction  Avitli  alcohol.  It 
crystallises  from  Avater,  and  shows  the  greatest  resemblance  to 
caffeine  in  properties;  the  latter  is,  in  fact,  methyltheobromine,  and 
may  be  obtained  directly  from  theobromine  in  the  following  Avay  : 

Theobromine  contains  an  >NH  group,  the  hydrogen  of  which  is 
readily  displaced  by  metals  (as  in  succinimide,  part  i.  p.  238),  and 
Avlien  treated  with  an  ammoniacal  silver  nitrate  solution,  it  yields 
silver  theobromine.  This  substance  interacts  readily  with  methyl 
iodide  with  formation  of  caffeine, 


The  relationship  between  uric  acid,  theobromine,  and  caffeine  is 
expressed  by  the  following  graphic  formulae  : 


Silver  Theobromine. 


Ce  Heine. 


Uric  Acid. 


Theobromine. 


Cn  Heine. 
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Antipyrine , Kairine,  and  Thalline. 


These  three  nitrogenous  compounds,  which  do  not  occur  in 
nature,  nmy  be  briefly  described  here  as  examples  of  what 
may  be  termed  ‘ artificial  alkaloids ; ’ they  arc  employed  in 
medicine,  as  substitutes  for  quinine,  for  lowering  the  body- 
temperature  in  cases  of  fever. 

Antipyrine,  CuH12N20,  was  first  obtained  by  Knorr  by 
treating  ethyl  acetoacetate  (part  i.  p.  189)  with  phenyl- 
hydrazine  (p.  376),  and  then  heating  the  product  ( phenyl - 
methyl  pyrazolone)  with  methyl  iodide, 

CH3.CO-CH2.COOC2H5  + c6h5-nh.nh,  = 

C10H10N2O  + C,H5.OH  + h2o 
c10h10n2o  + CH.,1  = cuh12x2o,hi. 

It  is  a colourless,  crystalline  compound,  melts  at  113°,  and  is 
readily  soluble  in  water  and  alcohol ; it  is  a strong  mon-acid 
base,  and  its  salts  dissolve  freely  in  water.  Its  aqueous  solu- 
tion gives  a deep-red  colouration  with  ferric  chloride,  and  a 
bluish-green  colouration  with  nitrous  acid. 

Kairine,  or  hydroxymethyltetrahydroquinoline, 


may  be  obtained  indirectly  from  o-amidophenol,  which  is  first 
converted  into  hydroxyquinoline  by  Skranp’s  reaction  (p.  482); 
this  product  is  then  reduced  with  tin  and  hydrochloric  acid, 
and  the  tetrahydrohydroxyquinolinc  thus  obtained  is  converted 
into  its  methyl-derivative  by  treating  it  with  methyl  iodide. 

Kairine  is  a crystalline  compound,  melting  at  114°.  It  is  a 
strong  base,  and  forms  crystalline  salts,  of  which  the  hydro- 
chloride, C10II13>sTO,irCl  + II20,  is  used  in  medicine. 

Thalline,  or  methoxytetrahydroquinoline, 


ptt  n n it  ^CH2-Cir2«^ 


is  isomeric  with  kairine,  and  is  obtained  by  reducing  the 
methoxyquinoline  which  is  prepared  from  p-meihoxy aniline, 
C0II4(OCH.,)-NH2,  by  Rk  ran  p’s  reaction  ; it  is  a crystalline 
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compound,  melting  at  42°,  and  is  used  in  the  form  of  its 
sulphate  or  tartrate.  With  ferric  chloride  and  other  oxidising 
agents  it  gives  a green  precipitate. 

Antifebrin,  or  acetanilide,  another  important  febrifuge,  has 
already  been  described  (p.  362). 

Choline,  Betaine,  Nenrine,  and  Taurine. 

Certain  nitrogenous  substances  which  occur  in  the  animal 
kingdom  may  also  be  referred  to  in  this  chapter,  because  they 
are  basic  compounds  of  great  physiological  importance ; they 
really  belong,  however,  to  different  classes  of  the  fatty  series. 

Choline,  or  hydroxyethyltrimethylammonium  hydroxide, 
OH*CH2 • CH2- N (CH3)3 • OH,  occurs  in  the  blood,  bile,  brain- 
substance,  yolk  of  egg,  and  in  other  parts  of  animal  organisms, 
usually  in  the  form  of  lecithin  (a  compound  of  choline, 
glycerol,  phosphoric  acid,  and  various  fatty  acids) ; it  also 
occurs  in  mustard  and  in  hops.  It  may  be  prepared  syntheti- 
cally by  warming  trimethylamine  with  ethylene  oxide  (part  i. 
p.  223)  in  aqueous  solution, 

N(CH3)3  + C2H40  + H20  = C5H15N02. 

It  is  a crystalline,  very  hygroscopic,  strongly  basic  substance, 
its  aqueous  solution  having  an  alkaline  reaction,  and  absorb- 
ing carbon  dioxide  from  the  air;  when  treated  with  hydro- 
chloric acid  it  yields  the  corresponding  chloride, 
OH-CH0.CH2-N(CH3)3.OH  + HC1  = 

0HCH2-CH2-N(CH3)3C1  + h2o, 
but  when  boiled  with  water  the  base  is  decomposed  into 
glycol  and  trimethylamine. 

Betaine,  C5HnN02,  is  formed  when  choline  undergoes  mild 
oxidation  ; the  acid,  which  is  first  produced  by  the  conversion 
of  the  -CH0-OH  group  into  carboxyl, 

OTT-CII2.CH2.N<^f3):1  + 20  = COOH.CH2.N<fJ-<)3  + H20, 

CII2 — COv 

loses  one.  molecule  of  water,  forming  betaine,  l \ a 

’ jSr(CfI3)3.CK 
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salt-like  compound,  which  has  a neutral  reaction,  a somewhat 
sweet  taste,  and  crystallises  from  dilute  alcohol  with  1 mol. 
11,0. 

When  treated  with  hydrochloric  acid,  betaine  is  converted 
into  the  chloride,  COOHCH,N(CH3)3Cl,  and  this  compound 
may  also  be  obtained  synthetically  by  heating  trimethylamine 
with  chloracetic  acid.  Betaine  occurs  in  beet-juice,  and  is 
present  in  large  quantities  in  the  mother-liquors  obtained  in 
the  preparation  of  beet-sugar. 

Neurine,  or  vinyltrimethylammonium  hydroxide, 

CH2:CH-N(CH3)3-OH, 

can  be  obtained  by  heating  choline  with  hydriodic  acid,  and 
then  treating  the  product  with  silver  hydroxide, 

OH-CH,.CH2.N(CH3)3-OH  + 2HI  = 

CH2LCH2-N(CH3)3I  + 21U) 
CH,I-CH2-N(CH3)3I  + 2AgOH  = 

CH2:CH-N(CH3)3-OH  + 2AgI  + H20  ; 

it  is  formed,  together  with  choline  and  numerous  other  bases, 
during  the  putrefaction  of  animal  albuminoid  matter.* 

Neurine  is  only  known  in  solution  as  a strongly  basic,  very 
soluble,  and  exceedingly  poisonous  substance,  but  some  of  its 
salts,  as,  for  example,  the  chloride,  CH,:CH-N(CH3)3C1,  are 
crystalline. 

Taurine,  or  amidoethylsulphonic  acid,  NH./CH2-CH,,-S03H, 
occurs  in  the  combined  state  in  ox-gall  and  in  many  other 
animal  secretions.  It  crystallises  in  colourless  prisms,  melts 
and  decomposes  at  about  240°,  and  is  readily  soluble  in  water, 
but  insoluble  in  alcohol ; it  has  a neutral  reaction,  and  is 
only  a feeble  acid,  because  the  presence  of  the  amido-group 
neutralises  the  effect  ot  the  sulphonic  group  to  such  an  extent 
that  it  forms  salts  only  with  strong  bases.  When  treated 
with  nitrous  acid,  the  amido-group  is  displaced  by  hydroxyl, 

J lie  bases  produced  during  the  putrefaction  of  animal  albuminoid 
matter  are  known  collectively  as  ptomaine «,  and  many  of  them  arc  highly 
poisonous. 
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just  as  in  the  caso  of  primary  amines,  and  hydroxy  ethyl- 
sulphonic  acid  (isethionic  acid)  is  formed, 

NH2-CH2.CH2-SOaH  + HO-NO  = 

OH-CH2-CH2-SOaH  + No  + H20 ; 

the  last-named  compound  is  one  of  the  few  examples  of  fatty 
sulphonic  acids. 


CHAPTER  XXXI Y. 

DYES  AND  THEIR  APPLICATION. 

Although  nearly  all  fatty  compounds,  and  the  majority  of 
those  belonging  to  the  aromatic  series,  are  colourless,  most  of 
the  principal  dyes  used  at  the  present  day  are  aromatic  com- 
pounds, the  primary  source  of  which  is  coal-tar. 

That  a dye  must  be  a coloured  substance  is,  of  course, 
obvious,  but  a coloured  substance  is  not  necessarily  a dye,  in 
the  ordinary  sense  of  the  word,  unless  it  is  also  capable  of 
fixing  itself,  or  of  being  fixed,  in  the  fabric  to  be  dyed,  in 
such  a way  that  the  colour  is  not  removed  by  rubbing  or  by 
washing  with  water;  azobenzene,  for  example,  is  intensely 
coloured,  but  it  would  not  bo  spoken  of  as  a dye,  because  it 
does  not  fulfil  the  second  condition. 

True  dyes,  in  the  sense  just  defined,  may  be  roughly  divided 
into  two  classes  with  respect  to  their  behaviour  with  a given 
fabric : («)  Those  whicli  fix  themselves  on  the  fabric,  and 
(/;)  those  which  do  so  only  with  the  aid  of  a mordant. 

If  a piece  of  silk  or  wool  be  dipped  into  a solution  of  picric 
acid,  it  is  dyed  yellow,  and  the  colour  is  not  removed  on 
subsequently  washing  with  water,  but  is  fixed  in  the  fibre. 
If,  however,  a piece  of  calico  or  other  cotton  material  be 
treated  in  the  same  way,  the  picric  acid  does  not  fix  itself, 
and  is  completely  removed  on  washing  with  water.  A given 
substance  may,  therefore,  be  a dye  for  certain  materials,  but 
not  for  others ; the  animal  fabrics,  silk  and  wool,  fix  picric 
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acid,  and  arc  dyed  by  it,  but  the  vegetable  fabric,  cotton, 
does  not — a behaviour  which  is  repeatedly  met  with  in  the 
case  of  other  colouring  matters  (see  below). 

Now,  since  picric  acid  is  soluble  in  water,  it  is  evident  that 
it  must  have  undergone  some  change  when  brought  into 
contact  with  the  silk  or  wool,  otherwise  it  would  be  dissolved 
out  of  the  fabric  on  washing  with  water.  Materials  such  as 
wool,  cotton,  silk,  &c.,  consist  of  minute  fibres,  which  may 
bo  very  roughly  described  as  long,  cylindrical,  or  flattened 
tubes  (except  in  the  case  of  silk,  the  fibres  of  which  are  solid), 
the  walls  of  which,  like  parchment  paper  and  animal  mem- 
brane, allow  of  the  passage  of  water  and  of  dissolved  crystalloids 
by  diffusion,  but  not  of  colloid  substances,  or,  of  course,  of 
matter  in  suspension.  If,  therefore,  the  picric  acid  were 
present  in  the  fibre,  an  picric  acid,  it  would,  on  washing, 
rapidly  pass  into  the  water  by  diffusion ; as  this  is  not  the 
case,  it  must  be  assumed  that  it  has  actually  combined  with 
some  substance  in  the  silk  or  wool,  and  has  been  converted 
into  a yellow  compound,  which  is  either  insoluble  ora  colloid. 

The  nature  of  the  insoluble  compound  formed  when  a material 
is  dyed  in  this  way  is  not  known,  but  there  are  reasons  for  suppos- 
ing that  certain  constituents  of  the  fibre  unite  with  the  dye  to  form 
an  insoluble  salt.  This  seems  probable,  from  the  fact  that  nearly 
all  dyes  which  thus  fix  themselves  directly  on  the  fabric  are,  to 
some  extent,  either  basic  or  acid  in  character.  Azobenzene,  as 
already  mentioned,  is  not  a dye,  probably,  because  it  is  a neutral 
substance ; if,  however,  some  group,  such  as  an  amido-,  hydroxyl-, 
or  sulplionic-group,  which  confers  basic  or  acid  properties,  be  intro- 
duced into  the  molecule  of  azobenzene,  then  the  resulting  deriva- 
tive is  a dye,  because  it  has  the  property  of  combining  directly  with 
the  Fibres  of  certain  materials  (compare  p.  522). 

Another  fact  which  leads  to  the  same  conclusion  may  be  quoted. 
Certain  dyes — as,  for  example,  rosauiline — are  salts  of  bases  which 
arc  themselves  colourless,  and  yet  some  materials  may  be  dyed 
simply  by  immersion  in  colourless  solutions  of  these  bases,  the 
same  colour  being  obtained  as  with  the  coloured  salt  (that  is,  the  dye 
itself) ; this  can  only  be  explained  by  assuming  that  some  con- 
stituent of  the  fibre  combines  with  the  colourless  base,  forming 
with  it  a salt  of  the  same  colour  as  the  dye. 
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Some  libres,  especially  silk  and  wool,  seem  lo  contain  both  acid 
and  basic  constituents,  as  they  are  often  dyed  directly  both  by 
basic  and  by  acid  dyes;  cotton,  on  the  other  hand,  seems  to  be 
almost  free  from  both,  as,  except  in  rare  cases,  it  does  not  combine 
with  colouring  matters. 

Granting,  then,  that  the  fixing  of  a dye  within  the  fibre  is 
the  result  of  its  conversion  into  some  insoluble  compound, 
it  seems  reasonable  to  suppose  that,  even  if  a colour- 
ing matter  be  incapable  of  fixing  itself  in  the  fibre  of  the 
material,  it  might  still  be  employed  as  a dye,  provided  that, 
after  it  had  once  passed  through  the  walls  of  the  fibre,  it 
could  be  there  converted  into  some  insoluble  compound  by 
other  means ; this  principle  is  applied  in  the  case  of  dyes 
of  the  second  class,  which  are  fixed  in  the  material  with  the 
aid  of  mordants. 

Mordants  are  substances  which  (usually  after  first  under- 
going some  preliminary  change)  combine  with  dyes,  forming 
insoluble  coloured  compounds ; the  colour  of  the  dyed  fabric 
in  such  cases  depends,  of  course,  on  that  of  the  compound 
thus  produced,  and  not  on  that  of  the  dye  itself,  so  that  by 
using  different  mordants,  different  shades  or  colours  are 
obtained. 

As  an  example  of  dyes  of  the  second  class,  alizarin 
may  be  taken,  as  it  illustrates  very  clearly  the  use  of 
mordants. 

If  a piece  of  calico  be  dipped  into  a solution  ot  alizarin, 
it  is  coloured  yellow , but  the  colour  is  not  fixed,  and  is  easily 
got  rid  of  again  on  washing  with  soap  and  water ; if,  how- 
ever, a piece  of  calico,  which  has  been  previously  mordanted 
with  a suitable  aluminium  salt  (in  the  manner  described 
below),  be  treated  in  the  same  way,  it  is  dyed  a fast  red,  the 
alizarin  having  combined  with  the  aluminium  salt  in  the  fibre 
to  form  a red  insoluble  compound  ; if,  again,  the  calico  had 
been  mordanted  with  a ferric  salt  instead,  it  would  have  been 
dyed  a fast  dark  purple. 

Substances  very  frequently  employed  as  mordants  are 
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certain  salts  of  iron,  aluminium,  chromium,  and  tin,  more 
especially  those,  such  as  the  acetates,  sulphocyanides,  and 
alums,  which  undergo  decomposition  on  treatment  with  water 
or  with  steam,  yielding  either  an  insoluble  basic  salt  or  an 
insoluble  metallic  hydroxide. 

The  process  of  mordanting  usually  involves  two  operations  : 
firstly,  the  fabric  is  passed  through,  or  soaked  in,  a solution 
of  the  mordant,  in  order  that  its  fibres  may  become  impreg- 
nated with  the  metallic  salt ; secondly,  the  fabric  is  treated 
in  such  a way  that  the  salt  is  decomposed  within  the  fibres, 
and  there  converted  into  some  insoluble  compound. 

This  second  operation,  the  fixing  of  the  mordant,  so  that  it 
will  not  be  washed  out  when  the  fabric  is  brought  into  the 
dye-bath,  is  accomplished  in  many  ways.  One  of  the 
simplest  is  to  pass  the  mordanted  material  through  a solution 
of  some  weak  alkali  (ammonia,  sodium  carbonate,  lime)  or  of 
some  salt,  such  as  sodium  phosphate  or  arsenate,  which  inter- 
acts with  the  metallic  salt  in  the  fibre,  forming  an  insoluble 
metallic  hydroxide,  phosphate,  arsenate,  &c.  Another  method, 
applicable  more  especially  in  the  case  of  mordants  which  are 
salts  of  volatile  acids,  consists  in  exposing  the  fabric  to  the 
action  of  steam,  at  a suitable  temperature ; under  these  con- 
ditions the  metallic  salt  dissociates,  the  acid  volatilises  with 
the  steam,  and  an  insoluble  hydroxide  or  basic  salt  remains  in 
the  fibre. 

In  the  case  of  silk  and  woollen  fabrics,  the  operations  of 
mordanting  and  fixing  the  mordant  may  often  be  carried  out 
simultaneously,  by  soaking  the  materials  in  a boiling  dilute 
solution  of  the  mordant ; under  these  conditions,  the  metallic 
salt  is  partially  dissociated,  and  deposited  in  the  fibre  in  an 
insoluble  form  ; silk  may  sometimes  be  simply  soaked  in  a 
cohl,  concentrated  solution  of  the  mordant,  and  then  washed 
with  water  to  cause  the  dissociation  of  the  metallic  salt. 

In  cases  where  only  parts  of  the  fabric  are  to  be  dyed,  as, 
for  example,  in  calico-print incj,  the  solution  of  the  mordant  is 
mixed  with  the  dye,  and  with  some  thickening  substance. 
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such  as  starch,  dextrin,  gum,  &c.,  and  printed  on  the  fabric 
in  the  required  manner,  the  thickening  being  used  to  prevent 
tho  mordant  spreading  to  other  parts ; during  the  subsequent 
steaming  process,  the  metallic  hydroxide  which  is  produced 
combines  with  and  fixes  the  dye. 

All  these  processes  are  identical  in  principle,  the  object 
being  to  deposit  some  insoluble  metallic  compound  within  the 
fibre  ; when,  now,  the  mordanted  material  is  treated  with  a 
solution  of  a suitable  dye,  the  latter  unites  with  the  metallic 
hydroxide,  forming  a coloured  compound  which  is  fixed  in 
the  fibre.  Tho  coloured  substances  produced  by  the  combina- 
tion of  a dye  with  a metallic  hydroxide  are  termed  lakes,  and 
those  dyes  which  form  lakes  are  called  acid  dyes. 

Tannin  (p.  440)  is  an  example  of  a different  class  of 
mordants — namely,  of  those  which  are  employed  with  basic 
dyes,  such  as  malachite  green  (p.  509)  and  rosaniline  (p.  513) : 
its  use  depends  on  the  fact  that,  being  an  acid,  it  combines 
with  dyes  of  a basic  character,  forming  with  them  insoluble 
coloured  salts  (tannates),  which  are  thus  fixed  in  the  fibre. 
The  fabric  is  mordanted  by  first  passing  it  through  a solution 
of  tannin,  and  then  through  a weak  solution  of  tartar  emetic, 
or  stannic  chloride,  which  converts  the  tannin  into  an  insoluble 
antimony,  or  tin  tannate,  and  thus  fixes  it  in  the  fibre. 

All  colouring  matters  are  converted  into  colourless  compounds 
on  reduction,  and  in  many  cases  such 'a  radical  change  in 
composition  takes  place,  that  the  reduction  product  cannot  he 
directly  reconverted  into  the  dye  by  oxidation ; a nitro-group, 
for  example,  may  be  reduced  to  an  amido-group,  or 
a hydroxyl-group  may  be  displaced  by  hydrogen,  or  tho 
molecule  may  bo  resolved  into  two  simpler  molecules,  as  in 
the  case  of  amidoazobenzene,  which,  when  treated  with 
powerful  reducing  agents,  yields  aniline  and  y>phenylene- 
diamine, 

C0H6-N:N-CeH4-NHs  + 4H  = CJT.NH,  + NHa-C0H4.NH, 

In  very  many  cases,  however,  the  colourless  reduction 
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product  differs  from  the  dye  ill  composition,  simply  in 
containing  two  or  more  additional  atoms  of  hydrogen,  and 
may  be  readily  reconverted  into  the  dye  by  oxidising  agents ; 
such  reduction  products  are  called  leuco-compounds. 

Amidoazobenzene,  for  example,  the  hydrochloride  or 
oxalate  of  which  is  the  dye  aniline  yellow  (p.  524),  on  treat- 
ment with  mild  reducing  agents,  such  as  zinc-dust  and 
acetic  acid,  yields  amidohydrazobenzene,  which  is  only 
slightly  coloured, 


C0H5-N:N.C0H4-NH2  + 211  - csh5.nh.nh.c6h4.nh2. 


The  last-named  substance  is  readily  oxidised  on  shakiug  its 
alcoholic  solution  with  precipitated  (yellow)  mercuric  oxide, 
with  regeneration  of  amidoazobenzene,  and  is,  therefore,  leuco- 
amidoazobenzene  ; many  examples  of  leuco-compounds  will  be 
met  with  in  the  following  pages. 

When  an  insoluble  dye  yields  a soluble  leuco-compound, 
which  is  very  readily  reconverted  into  the  dye  on  oxidation, 
it  may  be  applied  to  fabrics  in  a special  manner,  as,  for 
example,  in  the  case  of  dyeing  with  indigo  blue.  Indigo 
blue,  C10H10iST2O2  (p.  527),  is  insoluble  in  water,  but  on 
reduction  it  is  converted  into  a readily  soluble  leuco-base, 
Ci6H12N202,  known  as  indigo  white:  in  dyeing  with  indigo, 
a solution  of  indigo  white  is  prepared  by  reducing  indigo, 
suspended  in  water,  with  grape-sugar  and  soda,  or  ferrous 
sulphate  and  soda,  and  the  fabric  is  then  passed  through 
this  solution,  whereupon  the  indigo  white  diffuses  through 
the  walls  into  the  fibres ; on  subsequent  exposure  to  the  air 
the  indigo  white  is  reconverted  into  indigo  blue  by  oxidation, 
and  the  insoluble  dye  is  thus  fixed  in  the  fabric. 

Some  of  the  more  important  dyes  will  now  be  described  : 
as,  however,  it  would  bo  impossible  to  discuss  fully  the 
constitutions  of  these  compounds,  it  must  be  understood  that 
the  formulae  employed  in  the  following  pages  are  those  com- 
monly accepted,  and  that  most  of  them  have  been  satis- 
factorily established. 
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Derivatives  of  Triphenylmethane. 

Triphenylmethane,  Cuffg-CH^CyH^  (p.  340),  or,  more 
strictly  speaking,  triphenyl  carbinol,  C6H5-C(C6H6)2-OH,  is 
the  parent  substance  of  a number  of  dyes,  which  are  of  very 
great  technical  importance,  on  account  of  their  brilliancy ; 
as  examples,  malachite  green,  pararosaniline,  and  rosaniline 
may  be  described. 

Three  distinct  classes  of  substances  are  constantly  met 
with  in  studying  the  triphenylmethane  group  of  colouring 
matters — namely,  the  leuco-base,  the  colour-base,  and  the 
dye  itself. 

The  leuco-base  (p.  507)  is  an  amido-derivative  of  triphenyl- 
methane ; in  the  case  of  malachite  green,  for  example,  the 
leuco-base  is  tetramethyldiamidotriphenylmethane, 


C H .ch^AN(CH^ 
ucn5  '-n\C(.H4.N(CH3)2- 

The  colour-base  is  a derivative  of  triphenyl  carbinol,  and  is 
produced  from  the  leuco-base  by  oxidation,  just  as  tri phenyl 
carbinol  results  from  the  oxidation  of  triphenylmethane  (p. 
341)  ; tetramethyldiamidotriphenyl  carbinol,  for  example,  is 
the  colour-base  of  malachite  green, 


C-  H .CfOH)<rCoH4-^CH3)2 

Both  the  leuco-base  and  the  colour-base  are  usually  colour- 
less, and  the  latter  also  yields  colourless,  or  only  slightly 
coloured,  salts  on  treatment  with  cold  acids;  when  toarmed 
with  acids,  however,  the  colour-base  is  at  once  converted 
into  highly  coloured  salts,  which  constitute  the  dye,  water 
being  eliminated, 

C23H26N20  + HC1  = C23H25N2C1  + h2o. 

Malachite  Green  Case.  Chloride  of  Malachite  Green. 

This  loss  of  water  must  be  assumed  to  be  due  to  com- 
bination taking  place  between  the  hydroxyl-group  and  the 
hydrogen  atom  of  the  acid  employed,  and  the  conversion  of 
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the  colourless,  into  the  coloured,  salt  may  be  expressed  in  the 
following  way  : 


p it  rvn — p n p<<'°ari4'1','v-'n3i2  „ 

C,H,.tfOH)<^HiiN(CH^Hcr^Ht.t^CiHj  = N(CH|)iC1 


CflH4-N(CH,)2 


II.,  0. 


This  change  resembles  the  conversion  of  colourless  hydro- 
quinone  into  highly  coloured  quinone  (and  also  that  of  p- 
amidophenol  into  quinone-chlorimide,  p.  416),  as  will  be  more 
readily  understood  if  it  be  represented  thus  : 


C0H5.C(OH).CaH4.N(CH3)2  C04I5-C.C0H4.N(CII3)2 


<1> 


(CH3)2N,  HC1 

Hydrochloride  of  Colour-base. 


(CH3)2NC1 

Chloride  of  Malachite  Green. 


Exactly  similar  changes  may  be  assumed  to  take  place  in  the 
formation  of  the  pararosaniline  and  rosaniline  dyes,  and,  in 
fact,  in  the  case  of  many  other  colouring  matters,  some  of 
which  are  described  later. 

Malachite  green  (of  commerce)  is  a double  salt,  formed  by  the 
combination  of  the  chloride  of  tetramethyldiamidotriphenyl 
rarbinol  with  zinc  chloride,  and  the  first  step  in  its  manu- 
facture is  the  preparation  of  leuco-malachite  green  or  tetra- 


met]ujl-p-diamidotriplir.nijlmetlianef  C0H5- j j4  \ ' 

Leuco-malachite  green  is  obtained  by  the  action  of 
dehydrating  agents,  generally  zinc  chloride,  on  a mixture  of 
benzaldehyde  (1  mol.)  and  dimetliylaniline  (2  mols.), 

r ii  run  + 

C0II5.UIO  + cJjj-  = 

C H .CH<C«H4N(CH;1)2  + n 0 
Urt5U^c(!ir4-N(CH:j).2  + n*u- 


It  is  a colourless,  crystalline  substance,  which,  when  treated 
with  oxidising  agents,  such  as  manganese  dioxide  and 
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sulphuric  acid,  or  load  dioxide  and  hydrochloric  acid, 
yields  tetramethyldiamidotripheni/l  carbinol,  just  as  triphenyl- 
methane,  under  similar  circumstances,  yields  triphenyl  carbinol, 


C H .CH^Tr»X(CTL!)2  + o 


Lv\C6H4.N(CH8)“ 

- 0«H5-C(OH,<g«|:WH^. 

This  oxidation  product  is  a colourless  base,  and  dissolves 
in  cold  acids,  yielding  colourless  solutions  of  its  salts ; 
when,  however,  such  solutions  are  warmed,  the  colourless 
salts  decompose,  and  lose  one  molecule  of  water,  intensely 
green  solutions  of  the  dye  being  obtained ; the  formation 
of  the  chloride,  for  example,  is  expressed  by  the  equation 

C23H26N20  + HC1  - C23H25N2C1  + H20, 


and  its  double  salt,  witli  zinc  chloride  (or  the  oxalate  of  the 
base),  constitutes  the  malachite  green  (Victoria  green,  benzal- 
dehyde  green)  of  commerce. 


Preparation  of  Malachite  Green. — Dimethylaniline  (10  parts)  and 
benzahleliyde  (4  parts)  are  heated  with  z.inc  chloride  (4  parts)  in  a 
porcelain  basin,  or  enamelled  iron  pot,  for  two  clays  at  100°,  with 
constant  stirring ; the  product  is  then  submitted  to  distillation  in 
steam,  to  get  rid  of  the  unchanged  dimethylaniline,  and  allowed 
to  cool.  The  leuco-compound  is  now  separated  from  the  aqueous 
solution  of  zinc  chloride,  washed  with  water,  dissolved  in  as 
little  hydrochloric  acid  as  possible,  the  solution  diluted  consider- 
ably with  water,  and  the  calculated  quantity  of  freshly  pre- 
cipitated lead  peroxide,  (Pb03),  added.  The  filtered  dark-green 
solution  is  then  mixed  with  sodium  sulphate,  to  precipitate  any 
lead,  again  filtered,  and  the  colouring  matter  precipitated  in  the 
form  of  its  zinc  double  salt,  3C23H25N2Cl,2ZnCl2  + 2H..O,  by 
the  addition  of  zinc  chloride  and  common  salt;  this  salt  is  finally 
purified  by  recrystallisation. 

Malachite  green,  and  other  salts  of  the  base,  such  as  the 
oxalate,  2C„3H24N2,3C2H204,  form  deep-green  crystals,  and 
are  readily  soluble  in  water ; they  are  decomposed  by  alkalies, 
with  separation  of  the  colour-base , tetramethyldiamidotri- 
phenyl  carbinol. 
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Malachite  green  dyes  silk  and  wool  directly  an  intense 
dark-bluish  green,  but  cotton  must  first  be  mordanted  with 
tannin  and  tartar  emetic  (p.  506),  and  then  dyed  in  a bath 
gradually  raised  to  60°. 

Many  other  dyes,  closely  allied  to  malachite  green,  are  prepared 
hy  condensing  benzaldehyde  with  tertiary  alkylanilines  (p.  366). 
Brilliant  green , for  example,  is  finally  obtained  when  diethyl- 
aniline  is  employed  instead  of  dimethylaniline  in  the  above- 
described  process,  whereas  acid  green  is  obtained  from  benzal- 
dehyde and  ethylbenzylaniline,*  C6H5-N(C2H3)-C7Hr,  in  a similar 
manner.  The  salts  of  these  two  colouring  matters  are  very 
sparingly  soluble  in  water,  and,  therefore,  of  little  use  as  dyes ; 
for  this  reason,  the  bases  are  treated  with  anhydrosulphuric  acid, 
and  thus  converted  into  a mixture  of  readily  soluble  sulphonic 
acids,  the  sodium  salts  of  which  constitute  the  commercial  dyes. 
Silk  and  wool  are  dyed  in  a hath  acidified  with  sulphuric  acid 
(hence  the  name  acid  green),  and  very  bright  greens  are  obtained, 
but  these  dyes  are  not  suitable  for  cotton. 


Pararosaniline  and  rosaniline  are  exceedingly  important 
dyes,  which,  like  malachite  green,  are  derived  from  triphenyl- 
methane.  Whereas,  however,  malachite  green  is  a derivative 
of  tKanwfo-triphenylmethane,  the  rosanilines  are  all  triamido- 
triphenylmethane  derivatives,  as  will  be  seen  from  the  follow- 


ing table : 

C,H,.CH<g$; 

Triphenylmethane. 


nii2-c„h4-ch< 


C.TI.NII.. 

CfiH4-NH., 


Leuco-pararosaniline 
(Faraleucaniline). 
Triamidotri  phenylmetliane. 


C6H4(CH3).CH<^6^ 

Tolyldiphenylmetlmne 

(Methyltriphenylmethane). 

NH2.C6H3(CHa).CH<^;g[[ 

Leuco- rosaniline 
(Lencaniline). 

Trlamidotolyldiplienylincthane. 


N 


Parnrosanilino  Base. 
Trianiidotriphenyl  Carbinol. 


NH2.C6H3(CH3).C(0H)< 


c8h4.nh» 

c0h4-nh; 


Rosaniline  Base. 
TriainidotolyMi phenyl  Carbinol. 


Pararosaniline  Cliloride. 


C1NH2:CgH3(CH3):C<§[}^^ 

Rosaniline  Chloride. 


Produced  hy  treating  aniline  with  henzylchlorido  and  ethyl  hromide 
successively. 
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In  all  these  compounds,  the  amido-groups  have  been  proved 
to  be  in  the  ^jam-position  to  the  methane  carbon  atom. 

Pararosaniline  (of  commerce)  is  the  chloride  of  triamido- 
triphenyl  carbinol,  a base  which  is  most  conveniently  pre- 
pared by  oxidising  a mixture  of  p-toluidine  (1  mol.)  and 
aniline  (2  mols.)  with  arsenic  acid,  or  nitrobenzene  (compare 
rosaniline,  p.  513). 


C„H,NH2 


NTT  .n  IT  .PIT  j-  <>  s 
^ ll2  U6U4  L113  ' CeHr-NH„ 


2 + 30  = 


N H2-CcH4  • c(ohXo6h4.  N II2  + 2Ir2° 

0 4 2 


Probably  tlieyj-tolnidine  is  first  oxidised  to /i-amidobenzaldehyde, 
NH2-C(iH4-CHO,  which  then  condenses  with  the  aniline  (as  in  the 
case  of  the  formation  of  leuco-malachite  green),  to  form  leuco-para- 
rosanilinc  ; this  compound  is  tlien  converted  into  the  pararosaniline 
base  by  farther  oxidation. 


The  salts  of  pararosaniline  have  a deep  magenta  colour,  and 
are  soluble  in  warm  water;  they  dye  silk,  wool,  and  cotton, 
under  the  same  conditions  as  described  in  the  case  of 
malachite  green ; pararosaniline  is,  however,  not  so  largely 
used  as  rosaniline. 

Triamidotriplienyl  carbinol,  the  pararosaniline  colour-base, 
is  obtained,  as  a colourless  precipitate,  on  adding  alkalies  to  a 
solution  of  the  chloride,  or  of  some  other  salt;  it  crystallises 
from  alcohol  in  colourless  needles,  and,  when  treated  with 
acids,  gives  the  intensely  coloured  pararosaniline  salts. 

La uco-pararosan i/ine,  paraleucaniline  or  triamidotri phenyl- 
methane,  NH2-C0H4-CH(C0H4-NH2)2,  is  prepared  by  reducing 
triamidotriplienyl  carbinol  with  zinc-dust  and  hydrochloric  acid, 


NH.2-C6H4-C(OII)(C0H4.NH2)2  + 211  = 

NH2.CflI-I4-CH(CcH4.NH2)2  + II20. 

It  crystallises  in  colourless  plates,  melts  at  148’,  and  forms 
salts,  such  as  the  hydrochloride,  C19H10N3,3IIC1,  with  three 
equivalents  of  an  acid.  When  the  hydrochloride  is  treated 
with  nitrous  acid,  it  is  converted  into  a tri-diazo-compound, 
CII(C|.JI)-N:NC1)3,  which,  when  boiled  with  water,  yields 
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aiirin , C19lTuO:j  (p.  518),  and  when  heated  with  alcohol,  is 
converted  into  triphenylmetbane,  just  as  diazobenzene  chloride, 
under  similar  conditions,  yields  phenol  or  benzene. 

Constitution  of  Pararosaniline. — Since  triphenylmethane  can 
be  obtained  from  pararosaniline  in  this  way,  the  latter  is  a 
derivative  of  this  hydrocarbon  (an  important  fact,  first  estab- 
lished by  E.  and  0.  Fischer  in  1878)  ; moreover,  pararosani- 
line may  be  prepared  from  triphenylmethane,  as  follows : 
Triphenylmethane  is  converted  into  trinitrotriphenylmetliane, 
NO2-CgH4-CH(C0H4-NO2)2 — a compound  in  which,  it  has 
been  shown,  that  all  the  nitro-groups  are  in  the  y>position  to 
the  methane  carbon  atom* — with  the  aid  of  fuming  nitric  acid  ; 
this  nitro-compound,  on  reduction,  yields  a substance  which  is 
identical  with  leuco-pararosaniline,  and  which,  on  oxidation, 
is  readily  converted  into  the  colour-base,  triamidotri phenyl 
carbinol;  this  base,  when  treated  with  acids,  yields  salts  of 
pararosaniline,  with  elimination  of  water  (compare  p.  511) : 


Rosaniline  (of  commerce),  fuchsine,  or  magenta,  is  the 
chloride  (or  acetate)  of  triamidotolyldiphenyl  carbinol,  a base 
which  is  produced  by  the  oxidation  of  equal  molecular  pro- 
portions of  aniline,  o-toluidine,  and  p-toluidine  (with  arsenic 
acid,  mercuric  nitrate,  nitrobenzene,  &c.),  the  reaction  being 
similar  in  all  respects  to  the  formation  of  the  pararosaniline 
base  from  aniline  (2  mols.)  and  j>toluidino  (1  mol.), 


Hydrochloride  of  Pararosaniline 


Chloride  of  Pararosaniline. 


p-Tolulcline.  Aniline. 


N Hs.c„1  L-CIOHI^Wiy-KH. 


2 + 2H20. 


DY’ES  AND  Til  El  U APPLICATION. 


514 


Rosanilinc  is  usually  manufactured  at  the  present  time  by 
what  is  termed  the  ‘ nitrobenzene  process,'  the  ‘ arsenic  acid 
process  ’ — in  which  the  oxidising  agent  is  arsenic  acid — being 
now  little  used. 

To  the  requisite  mixture  of  aniline,  o-tohikline,  and  p-toluidine* 
(38  parts),  hydrochloric  acid  (20  parts) and  nitrobenzene  (20  parts)  are 
added,  and  the  whole  is  gradually  heated  to  190°,  small  quantities 
of  iron-filings  (3-5  parts)  being  added  from  time  to  time  (see  below). 
At  the  end  of  five  hours  the  reaction  is  complete,  and  steam  is  then 
led  through  the  mass  to  drive  off  any  unchanged  aniline,  toluidine, 
or  nitrobenzene,  after  which  the  residue  is  powdered  and  extracted 
with  boiling  water,  under  pressure  ; lastly,  the  extract  is  mixed 
with  salt,  and  the  crude  rosaniline  chloride  which  separates  purified 
by  recrystallisation. 

In  this  reaction  the  nitrobenzene  acts  only  indirectly  as  the 
oxidising  agent;  the  ferrous  chloride,  produced  by  the  action  of  the 
hydrochloric  acid  on  the  iron,  is  oxidised  by  the  nitrobenzene  to 
ferric  chloride,  which  in  its  turn  oxidises  the  mixture  of  aniline 
and  toluidines  to  rosaniline,  and  is  itself  again  reduced  to  ferrous 
chloride ; the  action  is,  therefore,  continuous,  and  only  a small 
quantity  of  iron  is  necessary. 

The  salts  of  the  rosaniline  base  with  one  equivalent  of  acid, 
as,  for  example,  the  chloride,  C20H20N3C1,  form  magnificent 
crystals,  which  show  an  intense  green  metallic  lustre;  they 
dissolve  in  warm  water,  forming  deep  red  solutions,  and  dye 
silk,  wool,  and  cotton  a brilliant  magenta  colour,  the  con- 
ditions of  dyeing  being  the  same  as  in  the  case  of  malachite 
green. 

The  addition  of  alkalies  to  the  saturated  solution  of  the 
chloride  of  rosaniline  destroys  the  colour,  and  causes 
the  precipitation  of  the  colour-base,  triamidotolyldiphenyl 
carbinol , C20H20N3-OH  (p.  511),  which  crystallises  in  colour- 
less needles,  and,  on  warming  with  acids,  is  at  once  reconverted 
into  the  intensely  coloured  salts.  When  reduced  with  tin 
and  hydrochloric  acid,  the  rosaniline  salts  yield  leuco-ros- 
aniline,  C20H21N3  (p.  511),  a colourless,  crystalline  substance, 

* Crude  ‘aniline-oil,’  a mixture  of  these  three  bases,  is  sometimes  used 
instead  of  the  pure  compounds. 
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which,  when  treated  with  oxidising  agents,  is  again  converted 
into  rosaniline. 

The  constitution  of  rosaniline  has  been  deduced  in  the  same 
way  as  that  of  pararosaniline  (p.  513),  since,  by  means  of  the 
diazo-reaction,  leuco-rosaniline  lias  been  converted  into 
diphenyl-wi-tolylmethane,  CH3-CtiH4-CH(Ct3H5)2 ; leueo-rosani- 
line  has,  therefore,  the  constitution 


(8)  CH3\ 

(4)  NH.r  \ 


C,|H4-NH.,  (4) 

c0h4.ni-i;  (4)’ 


and  the  rosaniline  salts  are  derived  from  this  base,  just  as 
those  of  pararosaniline  and  of  malachite  green  are  derived  from 
leuco-pararosaniline  and  leuco-malachite  green  respectively. 


Derivatives  of  Pararosaniline  and  Rosaniline. 

The  hydrogen  atoms  of  the  three  amido-groups  in  pararos- 
aniline and  rosaniline  may  be  displaced  by  methyl-  or  ethyl- 
groups,  by  heating  the  dye  with  methyl  or  ethyl  iodide 
(chloride  or  bromide) ; under  these  conditions,  tri-alkyl  sub- 
stitution products  are  obtained  as  primary  products,  one  of 
the  hydrogen  atoms  of  each  of  the  amido-groups  being  dis- 
placed. When,  for  example,  rosaniline  chloride  is  heated 
with  methyl  iodide  or  chloride,  it  yields,  in  the  first  place,  the 
chloride  of  fn'mef/i//Z-rosaniline, 


cil-nii.c0ti4-c< 


CgH4-NH-CH., 

C0H3(CH3):NH(CH3)C1. 


This  compound  is  a reddish-violet  dye ; the  corresponding 
fnetf/yZ-rosaniline  chloride  is  the  principal  constituent  of  Hof- 
mann's violet,  dahlia,  primula,  &c.  dyes,  which  have  now 
been  superseded  by  moro  brilliant  violets. 

By  the  long-continued  action  of  the  methyl  halogen  com- 
pounds on  rosaniline  salts,  the  chloride  of  hexamethyl- rosani- 
line, 


N(CII3)2-CuII4.C< 


C0H4.N(Cir,), 

C6H;i(CH3):N(CH3)2C1, 
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is  obtained.  This  substance  is  a magnificent,  bluish-violet 
dye,  but  is  now  little  used  ; it  is  a tertiary  base,  and,  like 
dimethylaniline,  it  combines  directly  with  methyl  chloride, 
forming  an  additive  compound  of  the  constitution 


N(CH3)2.CuH4.C< 


C6H4-  N (CH.,)  CH.,C1 
C6H3(CH3):N(CHS52C1, 


which,  curiously  enough,  is  green,  and  was  formerly  used 
under  the  name  ‘ iodine  green  ’ (so  called  because  it  was  first 
produced  with  methyl  iodide). 

Starting,  then,  from  rosaniline,  which  is  a brilliant  red  dye, 
and  substituting  methyl-groups  for  hydrogen,  the  colour  first 
becomes  reddish-violet,  and  then  bluish-violet,  as  the  number 
of  alkyl-groups  increases.  This  change  is  more  marked  when 
ethyl-groups  are  introduced,  and,  still  more  so,  when  phenyl- 
or  benzyl-groups  are  substituted  for  hydrogen,  as,  in  the  latter 
case,  pure  blue  dyes  are  produced  (see  below)  ; in  fact,  by 
varying  the  number  and  character  of  the  substituting  groups, 
almost  any  shade  from  red  to  blue  can  be  obtained. 

Lastly,  it  is  interesting  to  note  that,  when  a violet  dye,  like 
hexamethylrosaniline,  combines  with  an  alkyl  halogen  com- 
pound, it  is  converted  into  a bright  green  dye,  which,  how- 
ever, is  somewhat  unstable,  and,  on  warming,  readily  decom- 
poses into  the  alkyl  halogen  compound  and  the  original  violet 
dye.  A piece  of  paper,  for  example,  which  has  been  dyed 
with  ‘ iodine  green  ’ becomes  violet  when  warmed  over  a 
bunsen  burner,  and  methyl  chloride  is  evolved. 

The  alkyl-derivatives  of  pararosaniline  and  of  rosaniline  are 
no  longer  prepared  by  heating  the  dyes  with  alkyl  halogen 
compounds,  but  are  obtained  by  more  economical  methods. 
The  dyes  of  this  class  now  actually  manufactured,  examples 
of  which  are  described  below,  are,  with  few  exceptions,  deriv- 
atives of  pararosaniline. 

Methylviolet  appears  to  consist  principally  of  the  chloride 
of  pentcimeth ///-pararosaniline  ; it  is  usually  manufactured  by 
heating  a mixture  of  dimethylaniline,  potassium  chlorate, 
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and  copper  chloride  (or  sulphate),  at  50-60°,  for  about  8 
hours;*  the  product  is  treated  with  hot  water,  the  copper 
removed  by  passing  sulphuretted  hydrogen,  the  solution 
concentrated,  and  the  dye  precipitated  by  the  addition  of 
salt. 

Methylviolet  comes  into  the  market  in  the  form  of  hard 
lumps,  which  have  a green  metallic  lustre  ; it  is  readily  soluble 
in  alcohol  and  hot  water,  forming  beautiful  violet  solutions, 
which  dye  silk,  wool,  and  cotton,  under  the  same  conditions 
as  employed  in  the  case  of  malachite  green  (p.  511). 

When  rosaniline  is  treated  with  aniline  at  100°,  in  the 
presence  of  some  weak  acid,  such  as  acetic,  benzoic,  or  stearic 
acid  (which  combines  with  the  ammonia),  phenyl-groups  dis- 
place the  hydrogen  atoms  of  the  amido-groups,  just  as  in  the 
formation  of  diphenylamine  from  aniline  and  aniline  hydro- 
chloride (p.  368), 

c8h5.nh2  + c6h5.nh2,hci  = (C6H5)2NH  + nh3,hci. 

Here,  as  in  the  case  of  the  alkyl-derivatives  of  rosaniline,  the 
colour  of  the  product  depends  on  the  number  of  phenyl-groups 
which  have  been  introduced ; the  mono-  and  di-phenyl- 
derivatives  are  reddish-violet  and  bluish-violet  respectively, 
whereas  triphenylrosaniline  is  a pure  blue  dye,  known  as 
aniline  llue. 


(triphenylrosaniline  chloride),  is  prepared  by  heating  rosaniline 
with  benzoic  acid  and  an  excess  of  aniline  at  180°  for  about 
4 hours,  and  until  the  mass  dissolves  in  dilute  acids,  forming 
a pure  blue  solution.  The  product,  which  contains  the  aniline 
blue  in  the  form  of  the  colour-base,  is  then  treated  with 
hydrochloric  acid,  whereupon  the  chloride  crystallises  out  in 
an  almost  pure  condition. 

* The  changes  which  take  place  during  this  remarkable  process  are 
doubtless  very  complex,  and  cannot  bo  discussed  hero. 
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Aniline  blue  is  very  sparingly  soluble  in  water,  and,  in 
dyeing  with  it,  the  operation  lias  to  be  conducted  in  alcoholic 
solution.  In  order  to  get  over  this  difficulty,  the  insoluble 
dye  is  treated  with  anliydrosulphuric  acid,  and  thus  converted 
into  a mixture  of  sulphonic  acids,  the  sodium  salts  of  which 
are  readily  soluble,  and  come  into  the  market  under  the 
names  ‘ alkali  blue,'1  1 water  blue,’  &c. 

In  dyeing  silk  and  wool  with  these  colouring  matters,  the 
material  is  first  dipped  into  alkaline  solutions  of  the  salts, 
when  a light-blue  tint  is  obtained,  and  it  is  not  until  it  has 
been  immersed  in  dilute  acid  (to  liberate  the  sulphonic  acid), 
that  the  true  blue  colour  is  developed.  Cotton  is  dyed  in 
the  same  way,  but  must  first  be  mordanted  with  tannin. 

The  tri-hydroxy-derivatives  of  triplienyl  carbinol  and  of  tolyldi- 
phenyl  carbinol,  which  correspond  with  the  tri-aniido-compounds 
described  above,  are  respectively  represented  by  the  following 
formulae : 

OH.C5H4.C(OH)<§Hj§{f  OH.C6H3(CH3).C(OH)<g«^:gg 

Triliyilroxytriplienyl  Carbinol.  Triliydroxytolyldiplienyl  Carbinol. 

These  compounds  may  be  obtained  from  the  corresponding  tri- 
amido-derivatives  (the  colour-bases  of  pararosaniliue  and  of  rosani- 
line)  with  tbe  aid  of  the  diazo-reaction  ; in  other  words,  the  amido- 
compounds  are  treated  with  nitrous  acid,  and  the  solutions  of  the 
diazo-salts  are  then  heated.  The  hydroxy-compounds  thus  produced 
are,  however,  unstable,  and  readily  lose  one  molecule  of  water, 
yielding  coloured  compounds — aurin  and  rosolic  acid — which  corre- 
spond with  the  pararosaniliue  and  rosaniline  dyes  in  constitution, 

OH-CoH.-CK^H^O  0H.CflH3(CH3).C<^«S44=0 

Aurin.  Rosolic  Aciil. 

These  substances  are  of  little  use  as  dyes  owing  to  the  difficulty  of 
fixing  them. 


The  Phihaleins. 

The  phthnleins,  like  malachite  green  and  the  rosanilinos, 
are  derivatives  of  triphenylmethanc,  inasmuch  as  they  aro 
substitution  products  of  plitjialoplienone,  a compound  formed 
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from  tripli eni/lcarb in nl-o  carboxyl ic  acid,  by  loss  of  one  mole- 
cule of  water,* 

C0<OHH4O>C(C«H^  = CO<£«^>C(c„Hs)!  + h2o. 
Phthalophenone  is  readily  prepared  by  acting  on  a mixture 
of  phthalyl  chloride  (p.  426)  and  benzene,  with  aluminium 
chloride, 

C°<%HJ>CC]2  + 2CeH0  = CO<^^P>C(CgH5)2  + 2HC1. 

It  crystallises  in  colourless  needles,  melts  at  115°,  and 
dissolves  in  alkalies,  yielding  salts  of  triphenylcarbiuol-o-carb- 
oxylic  acid.  This  acid,  on  reduction  with  zinc-dust  in 
alkaline  solution,  is  converted  into  triphenylmethane-o-carb- 
oxylic  acid,  COOH-CGH4-CH(C6H5)2,  from  which,  by  distilla- 
tion with  lime,  triphenylmethane  is  obtained — a proof  that 
the  phthaleins  are  derivatives  of  this  compound. 

Phenolphthalein,  or  dihydroxyphthalophenone,  C.,0H14O4,  is 
prepared  by  heating  phthalic  anhydride  (3  parts)  with  phenol 
(4  parts)  and  powdered  zinc  chloride  (5  parts),  at  115-120° 
for  8 hours ; the  product  is  washed  with  water,  dissolved  in 
soda,  and  the  phenolphthalein  precipitated  from  the  filtered 
solution  with  acetic  acid, 

CO<^(J>CO  + 2C0H5-OH  = 

C0<^  o!l>C(C,II4  • Oil),  + 11,0. 

* Compounds  produced  in  this  way  from  one  molecule  of  a hydroxy- 
acid,  by  loss  of  water,  are  called  lactones.  Many  hydroxy-acids,  notably 
those  belonging  to  the  fatty  series,  yield  lactones,  but  only  when  the 
hydroxyl-group  is  in  the  7-  or  5-position  (part  i.  p.  104). 

7-Hydroxybutyric  acid,  for  example,  cannot  bo  isolated,  because  when 
set  free  from  its  salts,  by  the  addition  of  a mineral  acid,  it  at  once  decom- 
poses with  formation  of  its  lactone, 

CH,{OH)-CHo-CH,  COOII  =9H-'CTl2'9H2+  n ,0 

O CO  “ ' 

7-Butyrolactono. 

The  fatty  lactones  are  mostly  neutral  volatile  liquids,  but  those  belonging  to 
the  aromatic  series  are  crystalline  solids;  all  lactones  dissolve  in  alkalies, 
yielding  salts  of  the  hydroxy-acids  from  which  they  are  derived. 
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Phenolphtlialeln  separates  from  alcohol  in  small  yellowish 
crystals,  and  melts  at  250°  ; its  solutions  are  coloured  a deep 
pink  on  the  addition  of  alkali,  owing  to  the  formation  of  a 
salt,  but  the  colour  is  destroyed  by  acids,  hence  the  use  of 
plienolphthalein  as  an  indicator  in  alkalimetry;  it  is,  however, 
of  no  value  as  a dye. 

That  plienolphthalein  is  diliydroxyphthalophenone,  and,  there- 
fore, a derivative  of  triphenylmethane,  may  be  proved  in  the 
following  way.  Phthalophenone,  when  treated  with  nitric  acid, 
yields  dinitrophthalophenone,  which,  on  reduction,  is  converted 
into  diamidophthalophenone : from  this  substance,  by  treatment 
with  nitrous  acid,  plienolphthalein  is  produced. 


C 0 <°  q1  4>  C ( C(i  II 4 • N 0 , ) o CO<^«Ji>C(C0H4.NHo)2 

Dinitrophthalophenone.  Diamidophthalophenone. 


CO<5£>C(CaH4.OH)2 

Plienolphthalein. 

Fluorescein,  C20H12O5,  is  a very  important  dye-stuff, 
produced  by  heating  together  phthalic  anhydride  and  resor- 
cinol, 


CO<W>CO  + 2C„H4<g“  = 


CO  >HKq 


Fluorescein. 


In  this  change,  two  hydrogen  atoms  of  the  two  benzene  rings 
unite  with  the  oxygen  atom  of  one  of  the  ^>CO  groups  of  the 
phthalic  anhydride  (as  in  the  formation  of  plienolphthalein), 
a second  molecule  of  water  being  eliminated  from  the  hydroxyl- 
groups  of  the  two  resorcinol  molecules. 

Phthalic  anhydride  (5  parts)  and  resorcinol  (7  parts)  are  heated 
together  at  200°  until  the  mass  lias  become  quite  solid ; the  dark 
product  is  then  washed  with  hot  water,  dissolved  in  soda,  the  filteied 
alkaline  solution  acidified  with  sulphuric  acid,  and  the  fluorescein 
extracted  with  ether. 

Fluorescein  crystallises  from  alcohol  in  dark-red  crusts  , it 
is  almost  insoluble  in  water,  but  dissolves  readily  in  alkalies, 
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forming  dark  reddish-brown  solutions,  which,  when  diluted, 
show  a most  magnificent  yellowish-green  fluorescence  (hence 
the  name  fluorescein).  In  the  form  of  its  sodium  salt, 
C2oH1005Na2,  fluorescein  comes  into  the  market  as  the  dye 
‘ uranin.’  Wool  and  silk  are  dyed  yellow,  and  at  the  same 
time  show  a beautiful  fluorescence,  but  the  colours  are  faint, 
and  soon  fade,  hence  fluorescein  has  a very  limited  application 
alone,  and  is  generally  mixed  with  other  dyes,  in  order  to 
impart  fluorescence.  The  great  value  of  fluorescein  lies  in  the 
fact  that  its  derivatives  arc  very  important  dyes. 

Eosin,  CO<^^C<^[ j,‘ j | 0 (tetrabromofluor- 

escein),  is  formed  when  fluorescein  is  treated  with  bromine,  four 
atoms  of  hydrogen  in  the  resorcinol  nuclei  being  displaced. 

Fluorescein  is  treated  with  the  calculated  quantity  of  bromine 
in  acetic  acid  solution,  and  the  eosin  which  separates  is  collected, 
washed  with  a little  acetic  acid,  and  dissolved  in  dilute  potash.  The 
filtered  solution  is  then  acidified,  and  the  eosin  extracted  with 
ether. 

Eosin  separates  from  alcohol  in  red  crystals,  and  is  almost 
insoluble  in  water,  but  dissolves  readily  in  alkalies,  forming 
deep-red  solutions,  which,  on  dilution,  exhibit  a beautiful 
green  fluorescence,  but  not  nearly  to  the  same  extent  as 
solutions  of  fluorescein. 

Eosin  comes  into  the  market  in  the  form  of  its  potassium  salt, 
C,0H,l!r  405K2  (a  brownish  powder),  and  is  much  used  for 
dyeing  silk,  wool,  cotton,  and  especially  paper,  which  fixes 
the  dye  without  the  aid  of  a mordant.  Silk  and  wool  are 
dyed  with  eosin  directly  in  a bath  acidified  with  a little 
acetic  acid  ; but  cotton  must  first  be  mordanted  with  zinc, 
lead,  or  aluminium  salts.  The  shades  produced  are  a beautiful 
pink,  and  the  materials  also  show  a very  beautiful  fluorescence. 

Tet riodo fluorescein,  C.,0HsT4O5,  is  also  a valuable  dye. 
Its  sodium  salt,  C.JonoI405Na2,  comes  into  the  market  under 
the  name  ‘ enjthrosin.’ 

Many  other  phthaleins  have  been  prepared  by  condensing 
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phthalic  acid  and  its  derivatives  with  other  phenols,  and 
then  treating  the  products  with  bromine  or  iodine. 


Azo-dyes. 

The  azo-dyes  contain  the  azo-group,  -N : N-,  to  each  of  the 
nitrogen  atoms  of  which  a benzene  or  naphthalene  nucleus  is 
directly  united.  Azobenzene,  C0H5-N:N-C6H5,  the  simplest 
of  all  azo-compounds,  is  not  a dye,  although  it  is  intensely 
coloured  (compare  p.  502),  and  this  is  true  also  of  other 
neutral  azo-compounds  ; if,  however,  one  or  more  hydrogen 
atoms  in  such  compounds  be  displaced  by  amido-,  hydroxyl-,  or 
sul phonic-groups,  the  products,  as,  for  example, 

Amidoazobenzene,  Crlf5-N  :N-C0H4-NH2, 

Hydroxyazobenzene,  C6H5-N:N-C6H4-OH, 

Azobcnzenesulphonic  acid,  C6H6-N:N-CcH4-S03H, 


are  yellow  or  brown  dyes. 

Azo-dyes  are  usually  prepared  by  one  of  two  general 
methods — namely,  by  treating  a diazo-chlnridc  with  an  amido- 
r ompound  ,* 


C0H5-N:NC1  + C0H6.N(CH3)2  = C6H5.N:N.C(JI-I4.N(CH3)2,HC1, 

Dimethylamidoazobenzene  Hydrochloride. 


CH3  • C0PI4-  N : N Cl  + CH3.CcH4.NH2  = 

j)-Diazotolucne  Chloride.  o-Toluidine. 

CH3-CflH4.N:N.C6H3(CH3)-KH2,HCl, 

Amidoazotoluene  Hydrochloride. 


or  by  treating  a diazo-ehloride  with  a phenol, 

CfiH5-N:NCl  + C6H6.OH  = CGH5-N:N.C6H4-OH  + HC1, 

Hydroxyazobenzene. 

C6H5.N:NC1  + C0H4(OH)2  = C(iH6-  N : 1ST  • C0H3(  OH)  2 + HC1. 

Dihydroxyazo  benzene. 

In  the  first  case  the  products — amidoazo-compounds — are 
basic  dyes,  whereas  in  the  second  case  they  are  acid  dyes. 


* In  cases  where  a diazoami do-compound  is  first  produced  (p.  374),  an 
excess  of  the  nmido-compound  is  employed  and  the  mixture  warmed  until 
the  intramolecular  change  into  the  amidoazo-componnd  is  complete. 
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Another  method  of  some  general  application  for  the  direct 
preparation  of  azo-dves  containing  a sulphonic-group,  consists 
in  treating  diazobenzenesnlphonic  acid,  or  its  anhydride  (p. 
381),  with  an  amido-compound  or  with  a phenol : 

SOs1I-C(!H4.N:N.OH  + C6Hb.NHj  = 

S08H.C6H4.N  :N.C0H4.NH2  + 11,0 

Aiiikloazobenzeiiosul  phonic  Acid. 

SO3II-C0H4.N:N.OH  + C„Ha.OH  = 

S03H-C„H4-N  :N-C6H4-OH  + h2o. 

Hydroxyazobcnzenesulplionic  Acid. 

As,  however,  the  yield  is  generally  a poor  one,  such  dyes  are 
usually  prepared  by  sulplionating  the  amidoazo-  or  hydroxy- 
azo-compounds. 

In  all  these  reactions  the  diazo-group,  C0H5-N:lSr-,  displaces 
hydrogen  of  the  benzene  nucleus  from  the  yj-position  to  one  of 
the  amido-  or  liydroxyl-groups  ; substances  such  asy>toluidine, 
in  which  the  ^-position  is  occupied,  either  do  not  interact 
with  diazo-chlorides  or  only  do  so  with  great  difficulty. 

The  technical  operations  incurred  in  the  production  of  azo-colours 
are,  as  a rule,  very  simple.  In  combining  diazo-compounds  with 
phenols,  for  example,  the  amido-compound  (1  mol.)  is  dissolved  in 
water  and  hydrochloric  acid  (2mols. ),  the  solution  well  cooled  with 
ice,  and  gradually  mixed  with  the  calculated  quantity  of  sodium 
nitrite  (1  mol.);  this  solution  of  the  diazo-salt  is  then  slowly  run 
into  the  alkaline  solution  of  the  phenol,  or  its  sulphonic  acid,  care 
being  taken  to  keep  the  solution  slightly  alkaline,  otherwise  the 
liberated  hydrochloric  acid  prevents  combination  taking  place. 
After  a short  time  the  solution  is  mixed  with  salt,  which  causes  the 
colouring  matter  to  separate  in  flocculent  masses  ; the  product  is 
then  collected  in  filter-presses  and  dried,  or  sent  into  the  market  in 
the  form  of  a paste. 

The  combination  of  diazo-compounds  with  amido-compounds  is 
generally  brought  about  by  simply  mixing  the  aqueous  solution  of 
the  diazo-compound  with  that  of  the  salt  of  the  amido-compound 
(compare  foot-note,  p.  522),  and  then  precipitating  the  colouring 
matter  by  tbe  addition  of  common  salt ; in  some  cases,  however, 
the  reaction  takes  place  only  in  alcoholic  solution. 

Acid  azo-colours  (that  is,  hydroxy-  and  snlphonic-dorivatives) 
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are  taken  up  by  animal  fibres  directly  from  an  acid  bath,  and 
are  principally  employed  in  dyeing  wool ; they  can  be  fixed 
on  cotton  with  the  aid  of  mordants  (tin  and  aluminium  salts 
being  generally  employed),  but,  as  a rule,  only  with  difficulty  ; 
nevertheless  some  acid  dyes,  notably  those  of  the  congo-growp 
(p.  526),  dye  cotton  directly  without  a mordant. 

Basic  azo-dyes  are  readily  fixed  on  cotton  which  has  been 
mordanted  with  tannin,  and  are  very  largely  used  in  dyeing 
calico  and  other  cotton  goods. 

At  the  present  time  a great  many  azo-colours  are  manu- 
factured, but  only  a few  of  the  more  typical  can  be  mentioned 
here. 

Aniline  yellow,  a salt  of  amidoazobenzene  (p.  375), 

C6H5.M.C6H4.NH2, 

is  now  no  longer  used  in  dyeing,  because  the  colour  is  not 
fast,  and  is  in  many  ways  inferior  to  other  readily  obtainable 
yellow  dyes. 

Chrysoidine  (diamidoazobenzene),  C6H5-N:N-C6H3(NH2)2, 
is  produced  by  mixing  molecular  proportions  of  diazobenzene 
chloride  and  m-phenylenediamine  (p.  364)  in  aqueous  solution. 
The  hydrochloride  crystallises  in  reddish  needles,  is  moderately 
soluble  in  water,  and  dyes  silk  and  wool  directly,  and  cotton 
mordanted  with  tannin,  an  orange-yellow  colour. 

Bismarck  brown,  NH2-C6H4-N:N-C0H3(NH2)2  (triamidoazo- 
benzcne),  is  prepared  by  treating  m-phenylcnediamine  hydro- 
chloride with  nitrous  acid,  one  half  of  the  base  being  con- 
verted into  the  diazo-compound,  which  then  interacts  with 
the  other  half,  producing  the  dye, 

NH2.C0H4.N:NC1  + C0H4(NH2)2  = 

NH2.C6H4.N:N.CcH3(NHs)2,Ha 

The  hydrochloride  is  a dark-brown  powder,  and  is  largely  used 
in  dyeing  cotton  (mordanted)  and  leather  a dark  brown. 

Helianthin  (dimethylamidoazobenzenesulphonic  acid)  is 
very  easily  prepared  by  mixing  aqueous  solutions  of 
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diazobenzenesulphonic  acid  and  diniethylaniline  hydro- 
chloride, 

SOgH*  C0H4-N  :N  ■ OH  + C0H5-N(CH,),  = 

S03H-C6H4-1\t  :N-C8H4-N  (CH3)2  + H20- 

The  sodium  salt  (methylorange)  is  a brilliant  orange-yellow 
powder,  and  dissolves  freely  in  hot  water,  forming  a yellow 
solution,  which  is  coloured  red  on  the  addition  of  acids,  hence 
its  use  as  an  indicator.  It  is  seldom  employed  as  a dye,  on 
account  of  its  sensibility  to  traces  of  acid. 

Resorcin  yellow  (tropaeolin  0)  is  prepared  by  combining 
diazobenzenesulphonic  acid  and  resorcinol,  and  has  the  con- 
stitution SO3H-C0H4-N:N-C6H3(OH)2.  Its  sodium  salt  is  a 
moderately  brilliant  orange-yellow  dye,  and  is  not  readily 
acted  on  by  acids ; it  is  chiefly  employed,  mixed  with  other 
dyes  of  similar  constitution,  in  the  production  of  olive- 
greens,  maroons,  &c. 

By  using  various  benzene  derivatives,  and  combining  them 
as  in  the  above  examples,  yellow  and  brown  dyes  of  almost 
any  desired  shade  can  be  obtained ; in  order,  however,  to 
produce  a red  azo-dye,  a compound,  containing  at  least  one 
naphthalene  nucleus,  must  be  prepared.  This  can  be  readily 
done  by  combining  a benzenediazo-compound  with  a naphthyl- 
amine,  naphthol,  naphthalcnesulphonic  acid,  &c.,  just  as 
described  above.  The  dyes  thus  obtained  give  various 
shades  of  reddish-brown  or  scarlet,  and  are  known  collectively 
as  ‘ Ponceaux’  or  ‘ Bordeaux.’ 

When,  for  example,  diazoxylene  chloride  is  combined  with 
/3-naphthol,  a scarlet  dye  (scarlet  R)  of  the  composition 
Ct.H3(CIIa)2-N:N'C10IIa(OH)-SO3Na  is  formed  ; another  scarlet 
dye  (Ponceau  3R)  is  produced  by  the  combination  of  diazo- 
cumene chloride  with  /3-naphtholdisulphonic  acid,  and  has 
the  composition  CflH2(CH3)3-N:N-C10H4(SO3Na)2-OII. 

Rocellin,  SO3Na-C10H0-N:N-C10H6-OTI,  a compound  pro- 
duced by  combining  /3-naphthol  with  the  diazo-compound  of 
naphthionic  acid  (p.  455),  may  bo  mentioned  as  an  example 
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of  an  azo-dye  containing  two  naphthalene  nuclei.  It  gives 
beautiful  reel  shades,  very  similar  to  those  obtained  with  the 
natural  dye,  cochineal,  which  rocellin  and  other  allied  azo- 
colours have,  in  fact,  almost  superseded. 

Within  the  last  few  years  a great  number  of  exceedingly 
valuable  colouring  matters  have  been  prepared  from  benzidine, 
NH2-C6H4-C0H4*NH2  (p.  379),  and  its  derivatives. 

Benzidine  may  be  compared  with  two  molecules  of  aniline, 
and  when  diazotised  it  yields  the  salt  of  a di-diazo-  or  telrazo- 
diphenyl,  ClX:N-CeH4-CuH4-N:NCl.  This  substance  inter- 
acts with  amido-com pounds,  phenols,  and  their  sul phonic  acids, 
just  as  does  diazobenzene  chloride  (but  with  double  the 
quantity),  producing  a variety  of  most  important  colouring 
matters,  known  as  the  dyes  of  the  conyo-group. 

Congo-red,  a dye  produced  by  the  combination  of  tetrazo- 
diphenyl  chloride  with  naphthionic  acid,  is  one  of  the  most 
valuable  compounds  of  this  class.  Its  sodium  salt, 

SO3Na-(NH2)C10HjN:N.C6H4-C(,H4-N:NjC10H5(NH2).SO3Na, 

is  a scarlet  powder,  which,  on  the  addition  of  acids,  turns 
blue,  owing  to  the  liberation  of  the  free  sulphonic  acid. 

The  congo-dyes  possess  the  unusual  property  of  com- 
bining with  unmordanted  cotton,  producing  brownish-red 
shades  which  are  fast  to  soap.  They  are  much  used  for  dye- 
ing cotton,  but  they  become  dull  in  time  in  any  atmosphere 
which  contains  traces  of  acid  fumes,  as,  for  example,  in  the 
air  of  manufacturing  towns,  owing  to  the  liberation  of  the 
blue  sulphonic  acids. 

The  Benzopurpurins  are  also  exceedingly  valuable  dyes  of 
the  congo-group ; they  are  produced  by  combining  tetrazo- 
ditolyl  salts*  with  the  sulphonic  acids  of  a-  and  ^-naphthyl- 
amine,  and  are,  therefore,  very  similar  to  congo-red  in  con- 

* Tolidine,  NH2-(CH:t)CeH3  C6H3(CH;,)-NH2,  is  produced  from  nitro- 
toluene  by  reactions  similar  to  those  by  which  benzidine  is  produced  from 
nitrobenzene  ; when  its  salts  are  treated  with  nitrous  acid  they  yield  salts 
of  tetrazoditolyl,  just  as  benzidine  gives  salts  of  tetrazodiphenyl. 
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stitution.  They  dye  unmordanted  cotton  splendid  scarlet 
shades,  and  are  used  in  very  large  quantities. 


Various  Colouring  Matters. 

Martius’  yellow  (dinitro-a-naphthol),  C10H5(NO2)2-OH,  is 
obtained  by  the  action  of  nitric  acid  on  a-naphtholmono-,  or 
di-sulphonic  acid,  the  sulphonic  group  or  groups  being  elimin- 
ated during  nitration.  The  commercial  dye  is  the  sodium 
salt,  C10H5(NO2)2-ONa ; it  is  readily  soluble  in  water,  and 
dyes  silk  and  wool  directly  an  intense  golden  yellow. 

When  a-naphthol-trisulphonic  acid  is  nitrated,  only  two  of 
the  sulphonic  groups  are  eliminated,  and  the  resulting  sub- 
stance has  the  formula  G10H4(NO2)2(OH)-SO3H ; it  is,  in  fact, 
the  sulphonic  acid  of  Martius’  yellow.  This  valuable  dye-stuff 
is  called  naphthol  yellow,  and  comes  into  the  market  in  the 
form  of  its  potassium  salt,  Ci0H4(NO2)2(OH)-SO3K ; it  is 
very  largely  used,  as  the  yellow  shades  are  faster  to  light 
than  those  of  Martius’  yellow. 

Methylene  blue,  C1GH18TSr:iSCl,  was  first  prepared  by  Caro, 
in  1876,  by  the  oxidation  of  dimethyl-yj-phenylenediamine 
(p.  367)  with  ferric  chloride  in  presence  of  sulphuretted 
hydrogen. 

Nitrosodinietliylaniiine  (p.  367)  is  reduced  in  strongly  acid 
solution  with  zinc-dust,  or  with  sulphuretted  hydrogen,  ami  the 
solution  of  dimethyl-p-phenylenediamine  thus  obtained  is  treated 
with  ferric  chloride  in  presence  of  excess  of  sulphuretted  hydrogen. 
The  intensely  blue  solution  thus  obtained  is  mixed  with  salt  and 
zinc  chloride,  which  precipitate  the  colouring  matter  as  a zinc 
double  salt,  in  which  form  it  comes  into  the  market. 

Methylene  blue  is  readily  soluble  in  water,  and  is  a valuable 
cotton-blue,  as  it  dyes  cotton,  mordanted  with  tannin,  a 
beautiful  blue,  which  is  very  fast  to  light  and  soap ; it  is 
not  much  used  in  dyeing  silk  or  wool. 

Indigo,  C10H10N2O2,  is  a natural  dye,  which  has  been  used 
from  the  earliest  times.  It  is  contained  in  the  leaves  of  the 
indigo  plant  ( Indtgofera  tinctoria)  and  in  woad  ( Isatis  tinctorial) 
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in  the  form  of  the  glucoside  ‘ iiulican  ; ’ when  the  leaves  are 
macerated  with  water,  this  glucoside  undergoes  fermentation, 
and  indigo  separates  as  a blue  scum. 

Indigo  comes  into  the  market  in  an  impure  condition  in 
the  form  of  dark-blue  lumps,  and,  especially  when  rubbed, 
shows  a remarkable  copper-like  lustre ; it  is  insoluble  in 
water  and  most  other  solvents,  but  dissolves  readily  in  hot 
aniline,  from  which  it  crystallises  on  cooling ; it  sublimes, 
when  heated,  in  the  form  of  a purple  vapour,  and  condenses 
as  a dark-blue  crystalline  powder,  which  consists  of  pure 
1 indigotin,’  the  principal  and  most  valuable  constituent  of 
commercial  indigo. 

Reducing  agents  convert  indigo  into  its  louco-compound, 
indigo  white,  which,  in  contact  with  air,  is  rapidly  recon- 
verted into  indigo,  a property  made  use  of  in  dyeing  with 
this  substance  (p.  507) ; concentrated  sulphuric  acid  dis- 
solves indigo  with  formation  of  indigodisulphonic  acid, 
C1GH8N20.,,(S0;JH).),  the  sodium  salt  of  which  is  used  in 
dyeing  under  the  name  ‘ indigo  carmine.’ 

Indigo  has  been  synthetically  produced  by  Baeyer  by 
various  reactions,  two  of  the  more  important  of  which  are 
mentioned  on  pp.  408  and  433. 


CHAPTER  XXXV. 

STEREO-ISOMERISM. 

The  constant  use  of  graphic  formuhe  in  studying  carbon 
compounds  was  strongly  recommended  in  an  early  chapter 
(part  i.  p.  53),  because,  as  was  then  pointed  out,  such  formulae 
afford  a fairly  sure  and  complete  summary  of  the  chemical 
properties  of  the  substances  which  they  represent,  whereas 
the  ordinary  molecular  formulae  express  little,  and  are  besides 
more  difficult  to  remember.  The  true  significance  of  graphic 
formulae  was  also  explained ; the  lines  which  are  drawn 
between  any  two  atoms  simply  express  the  conclusion  that. 
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as  far  as  can  be  ascertained  experimentally,  these  particular 
atoms  are  directly  united,  without  attempting  to  give  the 
slightest  indication  of  the  nature  of  this  union,  or  of  the 
direction  in  which  the  force  of  affinity  is  exerted. 

When,  therefore,  formulae  such  as  the  following 

H H H 

I I I 

H— C— H H— C— Cl  H— C— OH 


II 


Cl 


H 


are  employed,  it  must  not  he  supposed  that  they  give  any 
idea  whatever  of  the  actual  form  of  the  molecule,  or  intend 
to  indicate  that  all  the  atoms  in  the  molecule  lie  in  one  plane 
(that  is,  the  plane  of  the  paper) ; such  an  assumption  is  unsup- 
ported by  facts,  and  is,  moreover,  shown  to  he  incorrect  by 
many  considerations,  of  which  the  following  may  be  men- 
tioned. 

(«)  Experience  has  shown  that  methylene  chloride, 
CII2C12,  exists  in  only  one  form,  and  all  attempts  to  obtain 
an  isomeride  have  failed  j yet,  if  a compound  of  this  com- 
position were  actually  represented  by  the  above  plane  formula, 
it  should  be  capable  of  existing  in  two  isomeric  forms 
— namely, 


H 

H 

1 

-C— Cl 

i 

and 

Cl— C- 

i 

Cl 

H 

because  in  one  case  the  chlorine  atoms  would  be  adjacent, 
in  the  other  they  would  be  separated  by  hydrogen  atoms,  and 
the  relative  positions  of  all  the  atoms  not  being  identical,  the 
substances  themselves  could  not  be  so. 

(b)  Again,  only  two  isomeric  dichlorethanes — namely, 
CH2C1-CH2C1  and  CH.,-CIIC12,  are  known,  whereas,  if 
ethane  and  its  derivatives  were  actually  composed  of  atoms. 
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all  of  which  lie  in  one  plane,  the  following  five  isomeric 
dichlorethanes  should  be  capable  of  existence  : 


II  H 

I I 

II— C— C— II 

I I 

Cl  Cl 


II  H 

I I 

II— C— C— Cl 

I I 

Cl  H 


II  Cl 

I I 

H— C— C— II 

1 I 

Cl  H 


II  Cl 

I I 

II— C— C— Cl 

I I 

II  II 


H Cl 

I I 

II— c— c— II 

I I 

H Cl 


These,  and  a great  many  other  similar  cases,  show  con- 
clusively that  the  atoms  in  the  molecule  of  a carbon  com- 
pound cannot  lie  in  one  plane ; were  this  so,  it  would  be 
impossible  to  explain  the  fact  that  a large  number  of  isomerides 
which,  theoretically,  would  be  capable  of  existence,  have 
never  yet  been  prepared. 

If,  then,  an  attempt  be  made  to  account  satisfactorily  for  the 
known  isomerism  of  carbon  compounds,  it  is  found  that  this 
can  be  done  by  assuming  that  each  of  the  several  atoms  or 
groups  with  which  a carbon  atom  is  united  is  situated  at  some 
point  on  one  of  four  different  lines,  which  are  symmetrically 
arranged  in  the  space  around  the  carbon  atom.  In  other 
words,  it  may  be  supposed  that  the  carbon  atom  is  situated 
in  the  centre  of  an  imaginary  regular  tetrahedron,  and  that 
its  four  affinities  (those  forces  by  virtue  of  which  it  unites 
with  four  atoms  or  groups)  act  in  the  directions  of  straight 
lines  drawn  from  the  centre  of  the  tetrahedron  to  the  four 
corners,  as  represented  by  the  dark  lines  in  the  following 
figure : 
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Now  this  highly  important  theory,  which  was  advanced  by 
Le  Bel  and  van’t  Hoff,  independently,  in  1874,  is  not  based 
solely  on  the  fact  that  it  explains  the  non-existence  of  a larger 
number  of  isomerides  of  a given  substance  than  is  actually 
known ; it  is  also  supported  by  positive  evidence  of  a very 
weighty  character,  and,  indeed,  may  be  shown  to  accord  well 
with  all  known  facts. 

If,  then,  this  theory  be  applied  in  the  case  of  some  of  the 
simplest  organic  compounds,  it  leads  to  the  following  con- 
clusions : 

(1)  Assuming  that  one  of  the  hydrogen  atoms  in  marsh- 
gas,  CH4,  is  displaced  by  an  atom  X,  there  can  only  be  one 
substitution  product  of  the  type  CII3X,  because  all  the 
hydrogen  atoms  are  identically  situated. 

(2)  Only  one  di-substitution  product  of  the  type  CH2XY, 
such  as  CH.2C12  or  CH2ClBr  (in  which  X and  Y are  either 
identical  or  dissimilar),  is  also  possible,  formulas  such  as 

h x H 


being  absolutely  identical,  although  they  may  appear  to  be 
different  on  paper. 

Points  such  as  these  can  only  be  clearly  understood  by 
actually  handling  models  made  to  represent  arrangements  of 
this  kind;*  it  will  then  be  seen  at  once  that,  in  whatever 
manner  the  positions  of  the  different  atoms  II  II  X Y are 

* In  order  to  facilitate  the  study  of  stereochemistry,  sets  of  models 
similar  to  those  recommended  by  Friedlander  have  been  specially  prepared 
at  the  authors’  request  by  Messrs  Baird  and  Tatlock  (14  Cross  Street, 
Hatton  Garden,  London,  E.C.),  from  whom  they  may  be  obtained  at  a cost 
of  eighteen  pence.  Such  sets  contain  sufficient  models  for  the  study  of  the 
isomerism  of  the  tartaric  acids,  but  larger  sots  adapted  for  the  study  of  the 
sugars  may  also  be  obtained. 


532 


8TEREO-1SOMERI8M. 


varied,  only  one  arrangement  is  possible,  the  apparent  differ- 
ence which  exists  on  paper  vanishing  at  once  on  rotating  the 
models. 

(3)  In  the  case  of  the  tri-substitution  products  of  methane, 
also,  one  form  only  is  possible,  where  any  two  of  the  sub- 
stituting atoms,  or  groups  of  atoms,  are  the  same,  as,  for 
example,  in  the  compounds 

CHClg  (CH3)2CH-OH  (C2H6)2CH-CH2.OH. 

In  all  these  cases  there  is  perfect  agreement  between  fact 
and  theory,  compounds  of  the  given  types  being  known  in 
one  form  only. 

(4)  If,  however,  three  atoms  in  marsh-gas  be  substituted  by 
three  different  groups,  compounds  of  the  type  C,  H,  X,  Y,  Z* — 
in  which  the  carbon  atom  is  united  with  four  different  atoms 
or  groups — being  obtained,  then  it  is  possible  to  construct  tico, 
but  only  two,  different  arrangements,  which  cannot  be  made 
to  coincide  by  rotation,  or  in  any  other  way ; these  two  forms 
may  be  represented  by  the  following  figures : 


Tn  working  with  the  models  this  is  very  clearly  seen,  by  first 
inserting  the  red,  white,  blue,  and  yellow  balls  into  the  two  india- 
rubber  carbon  models,  in  such  a way  as  to  produce  identical 
arrangements ; by  then  interchanging  any  two  of  the  balls  in  one 
of  the  models,  a form  will  be  obtained  which  is  different  from,  and 
which,  therefore,  cannot  be  made  to  coincide  with,  the  other  form 
by  rotating. 

These  two  arrangements  are  related  to  one  another,  in  the 
same  way  as  an  object  to  its  mirror-image — that  is  to  say,  if 
one  be  held  before  a mirror,  the  position  of  X,  Y,  and  Z in 
relation  to  H in  the  mirror-image  will  be  found  to  be 

* Or  C,  r,  b,  w,  y ; compare  foot-note,  p.  536. 
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identical  with  those  in  the  other  viewed  directly,  an  interesting 
point,  which  again  is  much  more  clearly  seen  by  using  models  ; 
for  the  sake  of  convenience,  one  of  these  arrangements  may  be 
denoted  by  + , the  other  by  — , the  actual  choice  being  im- 
material. 

"When,  therefore,  a carbon  atom  is  united  to  four  different 
atoms  or  groups,  H,  X,  Y,  and  Z,  the  compound  which  is  pro- 
duced may,  theoretically,  exist  in  two  distinct  modifications, 
related  to  one  another  in  the  same  way  as  an  object  to  its 
mirror-image.  Any  carbon  atom  united  in  this  way  is  called 
an  ‘ asymmetric  carbon  atom,’  on  account  of  its  unsymmetrical 
or  asymmetrical  nature. 

Xow  certain  substances,  such  as  active  amyl  alcohol,  sarco- 
lactic  acid,  malic  acid,*  and  mandelic  acid  (p.  440),  which 
have  already  been  described,  have  the  property  of  rotating 
the  plane  of  polarised  light,  and  experience  has  shown  that 
all  substances  which  have  this  property,  when  in  a liquid 
state,  or  in  solution,  exist  in  (at  least)  two  forms,  one  of 
which  rotates  the  plane  of  polarisation  to  the  right,  the 
other  doing  so  to  precisely  the  same  extent  to  the  left. 

On  considering  the  constitutional  formulae  of  such  optically 
active  organic  substances,  one  remarkable  fact  is  brought  to 
light — namely,  that  the  molecule  always  contains  at  least 
one  asymmetric  carbon  atom,  as  is  indicated  in  the  follow- 
ing formulae,  in  which  the  symbol  of  this  particular  carbon 
atom  is  printed  in  heavy  typo  : 


CHS\/H 

CEL  .OH 

c 

C.JT/  VjIh.OTI 

h/  XX)OTI 

Active  Amyl  Alcohol. 

Lactic  Acid. 

II\  /CH2-COOH 

C,H,\  /Oil 

CN 

c 

OIF  COOJI 

\V  ^COOH 

Malic  Acid. 

Mandelic  Acid. 

* These  three  compounds  are  described  in  part  i.  pp.  105,  227.  239. 
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That  this  property  of  rotating  the  plane  of  polarised  light  is 
due  to  the  presence  in  the  molecule  of  an  asymmetric  carbon 
atom  is  practically  proved  by  the  fact  that  all  optically  active 
compounds  of  known  constitution  contain  a carbon  atom 
united  in  this  way,  and  also  by  the  fact  that  if  by  any  means 
the  asymmetric  character  of  the  carbon  atom  be  destroyed,  the 
power  of  rotating  the  plane  of  polarised  light  also  disappears. 

Sarcolactic  acid,  for  example,  is  optically  active,  but  when 
reduced  with  hydriodic  acid,  it  yields  propionic  acid,  which  is 
inactive,  because  it  does  not  contain  a carbon  atom  united 
with  four  different  atoms  or  groups, 


CHS\  /OH 

Al 

CH3X  / H 

Vr 

^COOH 

\cOOII 

Active. 

Inactive. 

Malic  acid,  again,  is  optically  active,  but,  on  reduction,  in- 
active succinic  acid  is  formed, 


IT  .CHg-COOH 

c 

H\  /H2-COOH 

OH^  \x>OH 

H'  X COOH 

Active. 

Inactive. 

A still  more  instructive  case 

is  afforded  by  active  amyl 

alcohol,  and  the  following  derivatives  : 

CH^/H 

CH3X  /H 

V 

Cjr/  XCH.,.OII 

c2h/  xCH2I 

Amyl  Alcohol. 

Amyl  Iodide. 

cir,x  7h 

CH3\  /ii 

c 

CJl/  XCH,-CN 

c2h/  xch2.cooh 

Amyl  Cyanide. 

Methylethylpropionic  Acid. 

These  substances,  prepared  from 

active  amyl  alcohol  by  the 
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usual  series  of  reactions,  are  themselves  optically  active,  be- 
cause they  still  contain  an  asymmetric  carbon  atom  ; if,  how- 
ever, the  iodide  be  reduced  to  the  hydrocarbon 


the  asymmetric  character  of  the  carbon  atom  is  destroyed, 
"and  a substance  is  formed  which  is  optically  inactive. 

This  relation  between  the  presence  of  an  asymmetric  car- 
bon atom  and  the  property  of  rotating  the  plane  of  polarised 
light,  was  first  pointed  out  by  Lo  Bel  and  van’t  Iloff,  and  is 
now  supported  by  such  a mass  of  evidence  that  it  may  be 
regarded  as  established. 

Considering  now  some  of  the  simplest  optically  active 
substances — namely,  those  containing  only  one  asymmetric 
carbon  atom,  it  may  be  repeated  that  they  invariably  exist  in 
two  optically  active  forms,  one  of  which  is  dextrorotatory 
(d  or  +),  the  other  levorotatory  (/  or  -)  to  exactly  the  same 
extent.  These  two  forms  are  called  optical,  physical,  or  stereo- 
chemical isomer  ides  ; they  have  the  same  chemical  properties 
and  chemical  constitution,  because  their  molecules  differ  only 
as  regards  the  arrangement  in  space.  They  have  also  the 
same  melting-point  and  boiling-point,  and  are  identical  in 
other  physical  properties,  except  that  they  almost  invariably 
differ  to  a greater  or  less  extent  in  crystalline  form,  inasmuch 
as  the  crystals  of  the  one  are  to  those  of  the  other  as  an 
object  to  its  mirror-image  (p.  540). 

When  any  substance  containing  one  asymmetric  carbon 
atom  is  prepared  synthetically,  the  product  is  found  to  be 
optically  inactive.  When,  for  example,  lactic  acid  is  produced 
from  a-bromopropionic  acid,  or  malic  acid  from  bromosuccinic 
acid  (part  i.  pp.  226  and  240),  the  product  in  each  case  has 
no  action  on  polarised  light. 

This  is  duo  to  the  fact  that  the  product  contains  equal 
quantities  of  the  d and  l forms,  and  the  action  on  polarised 
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light  of  the  one  is  exactly  counterbalanced  by  that  of  the 
other.  This  can  be  proved  by  simply  dissolving  together 
equal  quantities  of  the  d and  l forms,  and  then  evaporating 
the  solution,  when  an  inactive  product,  identical  with  that 
produced  synthetically,  is  obtained. 

When,  moreover,  this  inactive  product  is  a solid,  it  is 
found,  as  a rule,  to  differ  very  considerably  from  the  active 
forms  in  physical  properties  ; it  has  a different  melting-point 
(usually  a higher  one),  different  solubility,  and  a different 
crystalline  form,  and  is  spoken  of  as  the  racemic  (inactive  or 
i.r.)  modification  of  the  compound.  Liquid  racemic  modifica- 
tions also  differ  from  the  optically  active  forms,  but  the 
differences  are  naturally  less  noticeable. 

The  above  statements  refer  simply  to  compounds  containing 
only  one  asymmetric  carbon  atom.  No  matter  how  many 
carbon  atoms  the  molecule  may  contain,  or  what  the  nature 
of  the  other  atoms  may  be,  as  long  as  only  one  of  the  carbon 
atoms  is  combined  with  four  different  atoms  or  groups,  the  com- 
pound exists  only  in  the  above  three  optically  different  forms 
— namely,  cl,  l,  and  i.r.  ; a substance  of  the  constitution 

H 

CH3-CH2.C  I C— COOH, 

I 

OH 

for  example,  would  not  form  a larger  number  of  optical 
isomerides  than  a simple  substance  such  as  lactic  acid. 

When,  however,  a compound  contains  two  asymmetric 
carbon  atoms,  a larger  number  of  modifications  may  exist  in 
accordance  with  the  above  theory,  as  will  be  seen  at  once  by 
constructing  models  in  the  following  manner  : 

I.  Make  two  identical  asymmetric  carbon  atoms,  C,  r,b,w,y,* 
each  of  which,  for  convenience,  may  be  designated  + ; now 
remove  y from  both  models,  join  the  two  open  ends  by  means 

* The  letters  r,  b,  10  and  y refer  to  the  red,  blue,  white,  and  yellow  halls  in 
the  sets  of  models. 
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of  the  rod,  and  lay  the  model  on  the  table,  so  that  the  two 
red  balls  point  upwards.  This  is  one  possible  modification,  a 
plane  figure  of  which  may  be  obtained  by  pressing  the  red 
balls  outwards  on  the  table,  when  it  will  appear  like  this : 

r 

I 

tv — 0 — b -j- 

or 

b — C — w -f- 

I 

r 


Modification  I. 

The  removal  of  one  of  the  balls,  representing  one  of  the 
atoms  or  groups,  and  the  substitution  for  it  of  the  more 
complex  group  (C,  r,  b,  tv),  still  leaves  each  carbon  atom 
asymmetrical ; in  other  words,  each  is  now  combined  with 
the  four  different  groups  (b),  (to),  (r),  and  (C,  r,  b,  to),  instead 
of  with  (r),  (b),  (to),  and  (//). 

II.  Repeat  the  above  operations,  starting,  however,  with 
two  identical  asymmetric  carbon  atoms,  C,  r,  b,  y,  w,  which 
are  the  mirror-images  of  those  taken  in  (I.),  and  which  may, 
therefore,  be  called  - ; the  plane  representation  of  this  model 
will  bo 

r 

I 

b — • — to  — 

oi- 

ic — • — It  — 

r 

Modification  II. 

This  form  is  quite  different  from  I.,  because  the  one  can- 
not possibly  be  converted  into  the  other  by  rotation  ; if, 
for  example,  II.  be  turned  over,  the  positions  of  b and  to  will 
correspond  with  those  in  I.,  but  although  the  flat  images 
would  be  the  same,  the  two  are  not  identical,  because  r,  r will 
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now  point  downwards  in  II.,  whereas  they  pointed  upwards 
in  I.  ; if,  in  fact,  this  model  (II.)  he  held  before  a mirror,  it 
will  be  seen  that  it  is  not  identical  with  its  mirror-image,  but 
that  its  mirror-image  is  identical  with  I.  viewed  directly. 

III.  If  now  two  different  asymmetric  carbon  atoms, 
C,  r,  I),  w,  y,  and  C,  r,  b,  y,  w,  or  + and  — , be  joined  in  the 
same  manner  as  before,  another  modification  will  be  obtained 
which  is  quite  different  from  I.  and  II.,  and  which  may  be 
represented  thus : 

r 

w—Q—b  -f 

or 

w — % — b — 

I 

r 


Modification  III. 

No  other  forms  different  from  these  three  can  be  con- 
structed. It  is  evident,  then,  that  a compound  containing 
two  asymmetric  carbon  atoms  may  form  three  distinct 
modifications.  One  of  these  (I.)  will  be  dextrorotatory, 
because  it  contains  two  identical  ( 4- ) asymmetric  carbon 
atoms ; the  other  (II.)  will  be  levorotatory  to  exactly  the 
same  extent,  because  it  contains  two  identical  ( - ) asym- 
metric carbon  atoms.  The  third  form,  on  the  other  hand, 
will  be  optically  inactive ; the  molecule  which  it  represents 
contains  two  different  asymmetric  carbon  atoms,  one  + 
and  the  other  — , and  consequently  the  dextrorotatory  action 
of  the  one  is  exactly  counterbalanced  by  the  levorotatory 
action  of  the  other ; in  other  words,  the  rotatory  power  of 
one  part  of  this  molecule  is  compensated  or  neutralised  by 
that  of  the  other  part ; such  a compound  is  said  to  be  inactive 
by  internal  compensation. 

There  is,  however,  a fourth  modification  which  has  not 
yet  been  considered  in  the  present  case ; by  dissolving  equal 
quantities  of  the  two  active  (d  and  l)  forms,  and  then  evap- 
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orating,  an  inactive  or  racemic  modification  may  be  obtained, 
just  as  in  the  case  of  the  lactic  acids,  &c.,  and  this  form  is 
said  to  he  inactive  by  external  compensation,  the  action  of  two 
separate  molecules  counterbalancing  one  another. 

In  order  to  decide  which  two  of  the  above  three  forms  represent 
the  active  (cl  and  l)  modifications  of  the  substance,  it  is  only 
necessary  to  determine  which  two  models  behave  to  each  other 
as  object  to  mirror-image.  This  will  he  found  to  he  the  case  with 
the  forms  I.  and  II.,  which  are  therefore  the  active  forms;  on  the 
other  hand,  the  form  III.  coincides  with  its  own  mirror-image,  and 
is,  therefore,  inactive. 

The  same  conclusions  are  arrived  at  by  disconnecting  and  then 
comparing  the  asymmetric  carbon  atoms,  when  it  is  easy  to  see  that 
one  of  the  models  is  composed  of  two  different  arrangements  ; this, 
therefore,  is  the  form  which  is  inactive  by  internal  compensation. 

Stereo-isomerism  of  the  Tartaric  Acids. 

One  of  the  host  examples  of  the  stereo-isomerism  of  sub- 
stances containing  two  asymmetric  carbon  atoms  is  that  of  the 
tartaric  acids,  COOH-CH(OH)-CH(OH)-COOH.  As  will  he 
seen  from  the  constitutional  formula,  there  are  two  carbon  atoms, 
each  of  which  is  united  with  four  different  atoms  or  groups — 
namely,  {COOH},  {ll},  {OH},  and  { CH(OII)-COOH }-, 
and  consequently,  theoretically,  there  should  be  four  physically 
isomeric  forms  of  this  acid. 

As  a matter  of  fact,  four  modifications  arc  known — namely, 
dextrotartaric,  levotartaric,  mesotartaric  and  racemic  acid, 
(part  i.  p.  245). 

Dextrotartaric  acid  and  levotartaric  acid  are  the  two 
optically  active  modifications,  and  may  he  respectively  repre- 


sented  by  the  formulae, 

COOH 

COOH 

II — C — OH 

+ 

OH— C -H  - 

and 

OH— C— H 

+ 

II — C — OH  - 
1 

COOIi 


coon 
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The  one  rotates  the  plane  of  polarisation  to  the  right  to 
exactly  the  same  extent  as  the  other  to  the  left ; but  in  all 
other  respects  they  are  identical,  except  for  slight  differences 
in  crystalline  form.  They  possess  the  same  melting-point, 
and  the  same  solubility  in  various  solvents ; their  metallic 
salts  have  the  same  composition,  and  crystallise  with  the  same 
number  of  molecules  of  water.  Their  ethereal  salts  melt  and 
boil  at  the  same  temperature ; all  their  salts,  like  the  acids 
themselves,  are  optically  active  to  the  same  extent,  but  in 
opposite  directions. 

In  addition  to  this  difference  in  their  action  on  polarised 
light,  these  two  active  tartaric  acids  and  the  corresponding 
salts  show  a slight  difference  in  crystalline  form,  which  is 
exhibited  very  clearly  in  the  case  of  the  well-defined  crystals 
of  their  sodium  ammonium  salts,  C4H406Na(NH4)  + 4H20. 


If  these  crystals  bo  examined,  it  will  be  found  that  certain 
faces  (those  which  are  darkened  in  the  figures)  which  are  on 
the  riyht-hand  side  of  the  crystals  of  the  dextrorotatory  acid, 
are  on  the  left-hand  side  of  those  of  the  levorotatory  acid.  The 
two  kinds  of  crystals  are,  in  fact,  related  as  an  object  to  its 
mirror-image,  as  will  be  seen  by  holding  i.  before  a mirror, 
when  the  darkened  faces  will  appear  as  in  n.  viewed  directly, 
and  vice  versd.  A similar  difference  in  the  crystalline  form  is 
observed  in  the  case  of  other  optically  active  substances,  and 
such  crystals  are  said  to  be  enantiomorphous. 

Mesotariaric  acid,  C4II0O0,  is  the  simple  optically  inactive 
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form  of  tartaric  acid  ; that  is  to  say,  it  is  inactive  by  internal 
compensation  (see  above),  and  may  be  represented  by  the 
formula, 

COOH 

II— C— OH  + 

H— C— Oil  - 

I 

COOH 

It  differs  from  the  two  optically  active  forms  in  many  re- 
spects, as,  for  example,  in  melting-point,  solubility,  and 
crystalline  form.  It  might,  in  fact,  be  regarded  as  quite  a 
different  substance  from  an  examination  of  its  physical  pro- 
perties, and  of  those  of  its  salts,  although,  in  chemical  pro- 
perties, it  is  identical  with  the  active  forms.  On  the  other 
hand,  mesotartaric  acid  resembles  racemic  acid  very  closely 
in  physical  properties,  but,  unlike  the  latter,  it  cannot  he 
resoloed  into  two  optically  active  modifications,  because  it  is  a 
simple  substance. 

Racemic  acid,  C4H0O,., C4HGO0,  is  the  double  inactive 
form  of  tartaric  acid,  and  is  simply  composed  of  equal  quanti- 
ties of  dextro-  and  levo-tartaric  acids ; that  is  to  say,  it  is 
inactive  by  external  compensation  (see  above),  and  may  be 

represented  by  the  formula  i + +-  It  also  be- 

| OjAlo'-'o  ~ — 

haves  as  if  it  were  a distinct  substance,  as  far  as  physical 
properties  are  concerned,  which  is  all  the  more  remarkable 
when  it  is  borne  in  mind  that  racemic  acid  is  obtained  on 
evaporating  a solution  of  equal  quantities  of  the  two  active 
modifications,  and  that  it  can  he  again  separated  into  these 
two  forms  by  the  methods  given  below. 

It  will  be  seen  from  the  above  examples  that  the  existence 
of  physical  isomerides,  and  the  number  of  such  modifications, 
is  in  complete  accordance  with  the  theory  of  Le  Bel  and  van’t 
Hoff,  and  a great  many  other  cases  might  lie  mentioned  in 
which  the  agreement  is  quite  as  perfect. 
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As  the  number  of  asymmetric  carbon  atoms  increases,  the 
number  of  isomerides  naturally  becomes  larger,  so  that  a 
substance  such  as  saccharic  acid  (part  i.  pp.  2G4,  270), 

COOH  CII(OH)-CH(On)  CH(OH)-CH(OH).COOH, 

which  contains  four  asymmetric  carbon  atoms,  is  capable  of 
existing  in  ten  optically  isomeric  forms  (which  may  be  con- 
structed with  the  aid  of  models). 

As  in  the  case  of  chemical  isomerism,  however,  all  the 
theoretically  possible  isomerides  of  a given  substance  have  not 
always  been  actually  obtained  owing  to  experimental  diffi- 
culties ; dimethylsuccinic  acid, 

COOHCH(CH3)-CH(CHa)-COOH, 

l'or  example,  like  tartaric  acid,  should  exist  in  four  forms,  but 
only  two  are  known,  both  of  which  are  optically  inactive,  the 
two  active  forms  not  having  yet  been  isolated. 

An  examination  of  the  models  of  substances  containing  two 
asymmetric  carbon  atoms — that  is,  of  substances  derived  from  the 
symbol, 


might  lead  to  the  supposition  that  they  should  exist  in  more  than 
four  modifications. 

In  the  first  place,  the  model  could  be  so  arranged  that  the 
directions  of  the  affinities  of  the  two  carbon  atoms  would  be  as 
shown  in  the  figure.  If,  then,  one  of  the  carbon  atoms  were  slowly 
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rotated  about  an  axis,  an  infinite  number  of  forms  would  be  pro- 
duced, all  of  which  would  be  different,  because  they  would  represent 
different  relative  positions  in  space  of  the  atoms  constituting  the 
molecule.  It  would  be  just  the  same  even  if  the  substance  did 
not  contain  an  asymmetrical  carbon  atom  ; ethane,  CH3-CH3,  or 
ethylene  chloride,  CELC1-GH3C1,  for  example,  could  in  this  way 
be  represented  as  existing  in  an  infinite  number  of  modifications. 

This  objection,  however,  at  once  disappears  on  considering  the 
matter  a little  more  carefully. 

In  a compound  represented  by  the  above  symbol  (by  attaching 
atoms  or  groups  to  the  corners  of  the  imaginary  tetrahedra),  the 
atoms  or  groups  united  with  one  of  the  carbon  atoms  must  exert 
a certain  attraction  or  repulsion  on  those  united  with  the  other, 
those  which  have  the  greatest  affinity  for  each  other  striving  to 
approach  as  nearly  as  possible,  until  a certain  position  of  equilibrium, 
which  is  the  resultant  of  all  the  mutual  attractions,  is  reached. 

This  position  may  be  disturbed  by  the  application  of  heat  or  of 
some  other  force,  but  on  removing  the  disturbing  element,  the 
original  form  will  be  restored,  so  that,  under  given  conditions,  the 
compound  only  exists  in  one  form,  unless,  of  course,  it  contains 
asymmetric  carbon  atoms. 


Resolution  of  Racemic.  Modifications. 

The  racemic  modification  of  tartaric  acid  and  the  corre- 
sponding forms  of  other  optically  active  substances — namely, 
of  those  which  are  inactive  because  they  are  composed  of  equal 
quantities  of  the  two  opposed  active  forms — may  sometimes  be 
resolved  into  their  components  by  one  or  other  of  the  follow- 
ing methods  : 

(1)  By  crystallisation  of  the  salt  formed  by  the  combina- 
tion of  a racemic  acid  or  base  with  an  optically  inactive  sub- 
stance. This  method  was  first  employed  by  Pasteur  in  the 
case  of  racemic  (tartaric)  acid,  and  depends  on  the  fact  that  if 
a solution  of  sodium  ammonium  racemate  be  allowed  to 
crystallise  at  a particular  temperature  (below  2S°),  enantio- 
morphous  crystals  (right-  and  left-handed,  as  shown  in  the 
Jig.,  p.  540)  are  deposited.  If  now  these  crystals  are  sorted 
mechanically,  the  right-handed  ones  being  placed  in  one 
vessel,  the  left-handed  ones  in  another,  a separation  of  the 
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racemic  acid  into  its  constituents  is  accomplished,  one  kind 
of  crystals  being  those  of  the  salt  of  the  dextro-acid,  the  other 
those  of  the  salt  of  the  levo-acid.  If,  however,  crystallisation 
take  place  at  temperatures  above  28°,  only  one  kind  of  crystal 
is  deposited — namely,  crystals  of  sodium  ammonium  racemate, 
which  do  not  exist  in  enantiomorphous  forms,  and  which, 
indeed,  belong  to  quite  a different  crystalline  system.  This 
method  of  separation  is  not  applicable  in  all  cases,  because,  as 
a rule,  the  crystals  of  the  salts  of  the  two  active  components 
are  not  sufficiently  well  defined  to  allow  of  their  mechanical 
separation,  even  if  they  are  deposited  separately. 

(2)  A second  method,  also  discovered  by  Pasteur,  consists 
in  fractionally  crystallising  the  salt  formed  from  a racemic 
acid  or  base  with  an  optically  active  substance.  Tins  method 
depends  on  the  fact,  that  the  two  constituents  of  the  racemic 
modification,  form,  with  one  and  the  same  optically  active 
substance,  salts  which  differ  in  solubility , and  which,  there- 
fore, can  be  separated  by  fractional  crystallisation  in  the 
ordinary  way.  If,  for  example,  racemic  acid  be  combined 
with  the  optically  active  base  cinchonine  (p.  493)  or 
strychnine  (p.  494),  the  product  may  bo  resolved  into  the 
salts  of  the  dextro-  and  levo-acids ; in  a similar  manner  the 
racemic  modification  of  coniine  (p.  489)  may  be  resolved  into 
its  constituents  by  fractional  crystallisation  of  the  salt  which 
it  forms  with  dextrorotatory  tartaric  acid. 

(3)  Another  method  of  separation,  quite  different  in 
principle  from  the  foregoing,  depends  on  the  fact  that  if 
certain  organisms,  such  as  penicillium  ylaucum,  be  placed  in  a 
solution  of  a racemic  modification,  they  feed  on  and,  therefore, 
destroy  one — usually  the  dextro — modification,  the  result 
being  that,  after  a time,  the  solution  contains  only  the  levo- 
isomeride. 
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hydrochloride,  375  ; sulphonic  acid  523 

Amidoazo-compounds 374 

Amidoazotoluene  hydrochloride 522 

Amidobenzaldehydes 408,  410 

Amidobenzene 361 

Amidobenzenesulphonic  acid,  w,  o. . .384 

Amidobcnzencsulphonic  acid,  p .383 

Amidobenzoic  acid,  m,  o,  p 422 

Amido-compounds 325,  355 

Amidoethylsulphonic  acid 501 

Amidonaphthalene 444,  451 

«-Amido-/3-naphthol 455 

1 :4*Amidonaphthol 455 

Amidophenol,  p 415 

Amidopropionic  acid 226,  293 

Amidotoluene 364 

Amines 199 

Amines,  separation  of  primary,  second- 
ary, and  tertiary 205 

Amygdalin 279,  405 

Amyl  acetate 189 

Amyl  alcohol,  commercial . 106 

Amyl  alcohol,  534;  cyanide,  534; 

iodide 534 

Amyl  alcohols 105 

Amyl  hydrogen  sulphate 105 

Amylcne ....  79 

Amylum 271 

Anethole 410,  439 


Aniline,  361  ; homologues  of,  364 ; 
hydrochloride,  362 ; platinochlo- 
ride,  362 ; stannichloride,  356,  361  ; 
substitution  products  of,  363;  sul- 


phate, 362;  sulphonic  acid,/ 383 

Aniline  blue 517 

Aniline  yellow 524 

Animal  charcoal,  use  of. 393 
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Anisalcohol 404 

Anisaldehydc 404,  410 

Anisic  acid 404,  41 1,  439 

Anisole 392 

Anisyl  alcohol 410 

Anthracene 298.  328,  457 

Anthracene,  constitution  of. 458 

Anthracene  derivatives,  isomerism  of. 461 

Anthracene  dichloride 462 

Anthracene  disulphonic  acids 464 

Anthracene  oil 296,  298 

Anthracene  picrate 458 

Anthranilic  acid 422,  437 

Anthranol .464 

Anthrapurpurin 468 

Anthraquinone,  458,  462;  test  for..  ..465 
Anthraquinone-/3-monosulphonic 

acid 464,  466 

Anthraquinonedisulphonic  acid 468 

Anthraquinonesulphonic  acid,  sodium 

salt  of. 464 

Antifebrin 362.  500 

Antipyrine 499 

Arabinose 258 

Arabitol 258 

Arbutin 399 

Argol 242 

Aromatic,  alcohols,  385,  402 ; alde- 
hydes, 405  ; amines,  355,  368  ; com- 
pounds, general  properties  of,  322 ; 

halogen  derivatives 341 

Arsines 210 

Aseptol 396 

Asparagine 240 

Aspartic  acid 240 

Asymmetric  carbon  atom 533 

Atropine,  490;  sulphate.  491 ; test  for.491 

Aurin 5X3»  518 

Azobenzene 378,  522 

Azobenzenesulphonic  acid 522 

Azo-compounds 377 

Azo-dyes,  506,  522;  preparation  of. ..523 
Azulmic  acid 27^ 


Barley-sugar 261 

Basic  dyes 5°^ 

Baumann  and  Schotten’s  method. . . .420 

Beer,  preparation  of 97 

Benzal  chloride 341,  342>  349,  407 

Bcnzaldehyde,  405  ; bisulphite  comp.  406 

Benzaldehyde  green 5xo 

Benzaldoxime 4°7 
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Benzamide 421 

Benzene 84 

Benzene,  297,  298 , constitution  of. . . 303 
Benzene  derivatives,  constitution  of. .317 
Benzene  derivatives,  isomerism  of  . . .310 

Benzene  hexabromide 303 

Benzene  hexachloride 303,  326 

Benzene  hexahydride 326 

Benzene  homologues,  328  ; properties 

of,  331  ; oxidation  of. 333 

Benzene,  synthesis  of 301,  324 

Benzene-///-dicarboxylic  acid 426 

Benzene-tf-dicarboxylic  acid 425 

Benzene-/-dicarboxylic  acid 427 

Benzenedisulphonic  acid,  w,  o,  />. . . .383 

Benzenesulphonamide 383 

Benzenesulphonic  acid 382 

Benzenesulphonic  chloride 383 

Benzidine 379,  526 

Benzine 71 

Benzoic  acid,  418  ; salts  of,  419 ; sub- 
stitution products  of 422 

Benzoic  anhydride 420 

Benzonitrile 421 

Benzophenone 340,  412 

Benzopurpurin 526 

Benzoquinone 413 

Benzotrichloride 342,  349 

Benzoyl  chloride,  Benzoyl-group  . . . .420 

Benzoylaniline 420 

Benzoylbenzene 412 

Benzoylbenzoic  acid,  o 463 

Benzyl,  acetate,  349,  403  ; alcohol, 
403;  bromide,  403;  chloride,  340, 
342,  348,  460  ; cyanide,  422,  429 ; 

ethyl  ether,  418  ; radicle 333 

Benzylaminc 368 

Benzylidene  radicle 407 

Benzylideneacetone 407 

Benzylidenehydrazone 407 

Benzylidenehydroxycyanide 407 

Benzylmalonic  acid 429 

Betaine,  500;  chloride 501 

Bioses 274 

Bismarck  brown 524 

Bismuth,  alkyl  compounds  of 

Boiling-point 17 

Bone-oil,  Bone-tar 472 

Bordeaux 525 

Brilliant  green 511 

Bromacetic  acids 164 

Bromacctylene 324 


PAGE 

Bromanthraquinone 463 

Bromethane 176 

Bromethylene 78 

Bromine,  detection  of 22 

Bromine,  estimation  of 33 

Bromobenzene 303,  347 

Bromobenzoic  acid,  ///,  0,  p 422 

Bromobenzoylbenzoic  acid 463 

Bromobenzyl  bromide,*? 460,  469 

a-Bromonaphthalene 450 

jS-Bromonaphthalene 450 

Bromonitrobenzene,  o,  p 354 

Bromophthalic  acid;  anhydride 463 

a-Bromopropionic  acid 226,  227 

/3-Bromopropionic  acid 227 

Bromosuccinic  acid 239 

Bromotoluene,  0 461 

Brucine,  494,  495;  test  for 495 

Brucine,  ethiodide  ; hydrochloride  . .495 

Butaldehyde 127,  134 

Butane 62,  66,  68 

Butter 170 

Butyl  alcohol,  normal 105,  106 

Butyl  iodide 177 

Butyl  iodide,  secondary 80 

Butyl  iodide,  tertiary 178 

Butylamine 207 

a-Butylene 79 

/3-Butylene 79 

y- Butylene 79 

Butylene  glycol.  81,  221 

Butyric  acid 164 

Butyric  acid,  normal 156 

Butyric  acid,  salts  of 157 

Butyrolactone 519 

Butyrone 134 

Butyrophenone 412 

Cacodyl 213 

Cacodyl  chloride 213 

Cacodyl  cyanide . .213 

Cacodyl  oxide 212 

Cacodylic  acid 213 

Caffeine,  497;  hydrochloride 498 

Calico-printing 505 

Cane-sugar 260 

Capraldehyde 134 

Caproic  acid 158 

Caramel 261 

Carbamide 289 

Carbazole 457 

Carbinol 88 
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Carbohydrates 259 

Carbolic,  acid,  297,  298,  391  ; oil.... 296 

Carbon,  detection  of 21 

Carbon,  estimation  of 25 

Carbon  tetrachloride 174 

Carbonyl  chloride 290 

Carbonyl-group 130 

Carboxyacetic  acid 229 

Carboxyl-group 154 

Carboxylic  acids 416 

a-Carboxy propionic  acid 229 

/3-Carboxypropionic  acid 229 

Carbylamine  reaction 174 

Carbylamincs 285 

Carius’ method  of  analysis 33 

Carvacrol 339,  397 

Casein 270 

Catechol 398,  467 

Catccholcarboxylic  acid 439 

Catechu 398 

Cetyl  alcohol 108 

Cetyl  palmitate 188 

Chloracetanilide 363 

Chloracetic  acid 163 

Chloral 125 

Chloral  alcoholate 125 

Chloral  hydrate 127 

Chloranil 416 

Chloraniline,  ///,  o,  p 363 

Chlorethane 175 

Chlorethylene 78 

Chlorine  carrier 163 

Chlorine,  detection  of 22 

Chlorine,  estimation  of. 33 

Chlorobenzene 303,  347 

Chlorobenzoic  acid 348 

Chlorobenzyl  chloride,  p 343 

Chloroform 126,  172 

Chlorohydrin 222 

a-Chlorohydrin 251,  252 

/3-Chlorohydrin 251,  252 

Chlorohydrins 80,  251 

Chloromalonic  acid 239 

Chloromethane 171 

Chloronaphthalene,  449;  /3- 450 

Chloronitrobenzene, o,  p , 354  ; ?n..  363 

«-Chloropropionic  acid 164 

/3-Chloropropionic  acid 164 

Chlorotoluene,  w,o,p 348 

Choline,  500;  chloride 500 

Chrysoidine 524 

Cinchomeronic  acid 483 


PAGE 

Cinchona-bark,  alkaloids  of. 492 

Cinchonine 492,  493 

Cinchoninic  acid 493 

Cinnamic,  acid,  430;  aldehyde 405 

Citric  acid 245 

Citric  acid,  salts  of 246 

Closed-chain  compounds 323 

Coal-tar,  distillation  of. 295,  299 

Coca,  alkaloids  of 491 

Cocaine,  491  ; hydrochloride 491 

Codeine 495,  497 

Coke 295 

Collidines 478 

Collodion 274 

Colour-base. 508 

Combustion  apparatus 26 

Condensation 131 

Congo  group  of  dyes 524,  526 

Congo-red 455,  526 

Coniine,  488;  hydrochloride 489 

Constitution  of  organic  compounds. . 51 

Constitutional  formulae 53 

Copper  acetylene 83 

Cream  of  tartar 243 

Creosote  oil 296,  298 

Cresol,  298  ; Cresol,  o,  p 396 

Crotonaldehyde 124,  256 

Crotonic  acid 258 

Crotonylene 86 

Crystallisation 14 

Cumene 338 

Cumic  acid 338 

Cyamelide 286 

Cyanic  acid 286 

Cyanides 281 

Cyanides,  double 282 

Cyanogen 230,  277 

Cyanogen  bromide 278 

Cyanogen  chloride 278 

Cyanogen  compounds 276 

Cyanogen  iodide 278 

Cyanuric  acid 287 

Cyanuric  chloride 278 

Cymene 339 

Dahlia 5T5 

Daturine 49° 

Decane 68 

Dextrin 9 7*  272 

Dextrorotatory  compounds 535 

Dextrose 262 

Dextrotartaric  acid 245,  539 
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Diacetin 250 

Diacetylchlorohydrin 252 

Diallyl 87,  303 

Diallyl  tetrabromide 303 

Diamidoazobenzene  ; hydrochloride.. 524 

Diamidobenzene 364 

Diamidobenzene,  m 354 

Diamido-compounds 360 

Diamidodiphenyl,  p 378 

i:4-Diamidonaphthalene 455 

Diamidophthalophenone 520 

Diarsenic  tetramethyl 213 

Diastase 97,  269,  272 

Diazoamidobenzene 374 

Diazoamido-compounds 374 

Diazobenzene,  chloride,  371  ; cyanide, 

372;  nitrate,  371  ; sulphate 371 

Diazobenzenesulphonic  acid  . . . .384,  523 

Diazo-compounds 325,  344,  370 

Diazo-compounds,  constitution  of — 373 

Diazocuinene  chloride 525 

Diazotoluene  chloride 372 

Diazoxylene  chloride 525 

Dibasic  acids 423 

Dibasic  acids,  electrolysis  of 73,  77 

Dibenzylamine 369 

a/3-Dibromanthraquinone 465 

Dibromethylbenzene . . .432 

Dibromopropionic  acid 257 

Dibromopyridine 473 

Dibromosuccinic  acid 239,  242 

Dicarboxylic  acids 229 

Dichloracetic  acid 163 

Dichloracetone,  asymmetrical 131 

Dichloracetone,  symmetrical — 

131,  246,  252 

Dichloranthracene 462 

Dichlorethylenc 83 

Dichlorobenzene 303 

aa-Dichlorohydrin 247,  251 

a/3-Dichlorohydrin 251,  252 

Dichloronaphthalene 450 

/3-Dichloropropane 129,  139 

a/3-Dichloropropionic  acid 252 

Dicyanogcn 277 

Diethyl . . 62 

Diethyl  ketone 134 

Diethylamine 199,  203 

Diethylamine,  salts  of 204 

Diethylaniline 365 

Diethylphosphine 209 

Diethylphosphine  hydriudide 210 


PAGE 

Digallic  acid 440 

Dihexyl  ketone 134 

Dihydric  phenols 387,  388,  398 

Dihydrobenzene 309,  326 

Dihydroxyanthraquinones 468 

a/3-Dihydroxyanthraquinone 465 

Dihydroxyazobenzene 522 

Dihydroxybenzene,  in,  o,  398  ; p . . . .399 

Dihydroxybenzoic  acids 439 

i:2-Dihydroxynaphthalene 456 

1 :4-Dihydroxynaphthalene 456 

Dihydroxyphenanthrene 470 

Dihydroxyphthalophenone 519 

Dihydroxysuccinic  acid 239,  241 

Di-isoamyl  ether 113 

Di-isobutyl  ether 113 

Di-isopropyl 66 

Di-isopropyl  ether 113 

Di-isopropyl  ketone 134 

Dimethyl 59 

Dimethyl  carbinol 104 

Dimethyl  ketone 128,  134 

Dimethylacetic  acid 157 

Dimethylamidoazobenzene 376 

Dimethylamidoazobenzene  hydro- 
chloride  522 

Dimethylamidoazobenzenesulphonic 
acid 524 

Dimethylaminc 199,  207 

Dimethylanilinc 358,  366 

Dimethylarsine  oxide 212 

Dimethylbenzidine 379 

Dimethylcatechol 398 

Dimethylethylamine 207 

Dimethylethylmethane 535 

Dimethylmalonic  acid 239 


Dimethyl-/-phenylenediamine . .367,  527 

Dimethylpyridines 478 

a-Dinaphthol,  /3-Dinaphthol 454 

Dinitrobenzene,  m,  353;  o,  353,  364 

Dinitrobenzcnes,  constitution  of 318 

Dinitro-a-disulphonic  acid,  potassium 
salt  of 454 

Dinitro-a-naphthol 454,  527 

Dinitropluhalophenonc 520 

Di-olefines 87 

Diphenic  acid 469,  470,  471 

Diphenic  anhydride 471 

Diphenyl,  327,340,  469;  ketone,  340,  412 

Diphenylamine 359,  367 

Dipheuyldicarboxylic  acid  469 

Diphenylethylene 469 
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Diphenylmethane 340,  413 

Diphenyl-///-tolylmethane 51 1,  515 

Dippel’s  oil 472 

Dipropargyl 303 

Dipropyl  ether 113 

Dipropyl  ketone 134 

Dipropylamine 199 

Disacryl 256 

Distillation 15 

Distillation  in  steam 15 

Distillation  of  wood 88 

Ditolyl,  o 469 

Dulcitol 258,  270 

Dutch  liquid 78 

Dyes  and  their  application 502 

Dynamite 253 

Earth-wax 71 

Ecgonine 491 

Empirical  formulae 37 

Emulsin  . . . 279 

Enantiomorphous  crystals 540 

Enzymes 98 

Eosin,  521 ; potassium  salt  of 521 

Epichlorhydrin 252 

Erythritol 258 

Erythrosin 521 

Esters 171 

Ethaldehyde 120 

Ethane 59,  68,  83 

Ethene 72 

Ethene  glycol 219 

Ether no 

Ethereal  salts 166,  171 

Ethers 109 

Ethoxides 95 

Ethyl  acetate 185 

Ethyl  acetoacetate 189 

Ethyl  acetoacetate,  hydrolysis  of... . . 193 

Ethyl  acetylglycollate 225 

Ethyl  acetyllactate 226 

Ethyl  alcohol 92,  106 

Ethyl  benzenesulphonate 381 

Ethyl  benzoate 419 

Ethyl  benzylmalonate 429 

Ethyl  bromide 176 

Ethyl  butylacetoacetate 194 

Ethyl  carbinol,  normal 104 

Ethyl  carbonate 290 

Ethyl  chloride 175 

Ethyl  copper  acetoacetate 191 

Ethyl  diethylacetoacctnte 192 


PAGE 

Ethyl  diethyloxamate 206 

Ethyl  diinethylacetoacetate 192 

Ethyl  dipropylacetoacetate 192 

Ethyl  ether no 

Ethyl  cthylacetoacetate 192 

Ethyl  ethylmalonate 197 

Ethyl  cthylmethylacetoacctate 192 

Ethyl  ethylpropylacetoacetate 194 

Ethyl  formate 189 

Ethyl  glycollate 225 

Ethyl  hydride 59 

Ethyl  hydrogen  sulphate 75,  182 

Ethyl  iodide 177 

Ethyl  isocyanate 200 

Ethyl  isopropylacetoacetate 192 

Ethyl  lactate 226 

Ethyl  mandelate 441 

Ethyl  malonate 196 

Ethyl  mercaptan 184 

Ethyl  methylacetoacetate 191,  192 

Ethyl  nitrate 179 

Ethyl  nitrite 180 

Ethyl  oxalate 233 

Ethyl  phthalate 426 

Ethyl  propylacetoacetate 191,  192 

Ethyl  propylethylmalonate 197 

Ethyl  propylmalonate 198 

Ethyl  salicylate 438 

Ethyl  sodioacetoacetate 190 

Ethyl  sodiomalonate 197 

Ethyl  succinimide 238 

Ethyl  sulphate 183 

Ethyl  sulphide 184 

Ethyl  sulphonic  acid 184 

Ethylamine 199,  200,  207 

Ethylamine,  salts  of 203 

Ethylaniline 365 

Ethylates 95 

Ethylbenzene 335,  337 

Ethylbenzylaniline. 51 1 

Ethylcarbylamine 202 

Ethylene 72,  83 

Ethylene  alcohol 219 

Ethylene  chlorohydrin 222 

Ethylene  dibromide 78 

Ethylene  dichloride 78 

Ethylene  glycol 81,  219 

Ethylene  oxide 223 

Ethylene  series 72 

Ethylenclactic  acid 229 

Ethylidcne  chloride 78.  139 

Ethylidene  dibromide 78 


INDEX. 


551 


PAGE  | 

Ethylidenelactic  acid .229 

Ethylmalonic  acid 239 

Ethylnitrosamine 203 

Ethyloxamide 206 

Ethylphosphine 209 

Ethylphosphine  liydriodide 209 

Fats 166 

Fatty  acids 142 

Fatty  acids,  electrolysis  of 6o,  69 

Fatty  acids,  preparation  of,  from  next 

higher  homologues 200 

Fatty  acids,  synthesis  of,  from  ethyl 

acetoacetate 194 

Fatty  acids,  synthesis  of,  from  ethyl 

malonate 198 

Fatty  acids,  synthesis  of,  from  next 

lower  homologues 201 

Fatty  compounds 322 

Fehling’s  solution 263 

Ferment 97 

Fermentation 105,  165 

Fermentation,  acetic 96,  97,  148 

Fermentation,  alcoholic 97 

Fermentation,  butyric 157 

Fermentation,  diastatic 97,  269 

Fermentation,  lactic 156,  226 

Fittig’s  reaction 330 

Fluorescein,  425,  520;  reaction,  399; 

sodium  salt  of 521 

Formaldehyde 91,  117,  134 

Formaldoxime 118 

Formamide. . 162 

Formanilide 363 

Formic  acid 91,  142,  164 

Formic  acid,  salts  of 145,  146 

Formose 120,  267 

Formula,  calculation  of  a 36 

Fractional  crystallisation 14 

Fractional  distillation..  18 

Friedcl  and  Craft’s  reaction 329,  41 1 

Fructose 265 

Fructosephenylhydrazone 268 

Fruit  sugar 265 

Fuchsine 513 

Fu marie  acid 241 

Fusel  oil  98,  99,  106 

Galactosazone 270 

Galactose 270 

Gallic  acid 439 

Gas  liquor 295  I 


PAGE 

Gasoline 71 

General  formulae 68 

Glacial  acetic  acid 150 

Gluconic  acid 264 

Glucosates 264 

Glucose 262 

Glucosephenylhydrazone 265,  268 

Glucosides 488 

Glucosone 268 

Glucosoxime 265 

Glutaric  acid 229,  239 

Gluten 272 

Glyceric  acid 250 

Glycerides 167 

Glycerin 248 

Glycerol 167,  169,  248 

Glycerol  chlorohydrin 251 

Glycerol  dichlorohydrin 251 

Glyceryl  acetate 250 

Glyceryl  trichloride 251 

Glyceryl  tri-iodide 255 

Glyceryl  trinitrate 252 

Glycine 292 

Glycine  hydrochloride 293 

Glycocoll 292 

Glycol  chlorohydrin 222,  228 

Glycol  cyanohydrin 228 

Glycol  diacetate 220 

Glycol,  sodium  compounds  of.. . .219,  220 

Glycollic  acid 222,  223 

Glycols 218 

Glyoxal 222,  223,  242 

Glyoxylic  acid 222 

Granulose 271 

Grape-sugar 262 

Graphic  formulae 53 

Guaiacol 398 

Gum  benzoin 418 

Gun-cotton 274 

Hard  soap 169 

Heavy  oil 296 

Hclianthin 524 

Hemimellitene 338 

Hemlock,  alkaloids  of 488 

Heptaldehyde 127,  134 

Heptane 68 

Heptyl  alcohol,  normal 127 

Heptylic  acid 164 

Heptylic  acid,  normal 127,  158 

Hexachloracetone 131 

Hexahydropyridine 473,  476 
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Hexahydrotctrahydroxybenzoic  acid. 492 


Hexamethylene 3526 

Hexamethylrosaniline  chloride 515 

Hexane 66,  68 

Hexylic  acids 158 

Ilippuric  acid 292,  418 

Hofmanns  violet 515 

Homologous  series 67 

Hydracrylic  acid 225,  227 

Hydranthracene *. 460,  461 

Hydrazines 373 

Hydrazobenzene 378 

Hydrazones 132,  133,  267 

Hydrobenzamide 408 

Hydrocarbons,  aromatic,  oxidation  of  417 

Hydrocinnamic  acid 430 

Hydrocyanic  acid 278 

Hydrogen,  detection  of 22 

Hydrogen,  estimation  of 25 

Hydrolysis 169,  188 

Hydroquinone 399,  414 

Hydroxides,  quaternary  arsonium  ...21 1 
Hydroxides, quaternary  phosphonium  210 

Hydroximes 132 

Hydroxyacetic  acid 223 

Hydroxyaldehydes,  aromatic 408 

Hydroxyanthraquinone 463,  466 

H ydroxyazobenzene 522 

Hydroxyazobenzenesulphonic  acid..  .523 
Hydroxybenzaldehyde,  m,  /,  410  ; 0 409 

Hydroxybenzene 391 

Hydroxybenzoic  acid,  0,  437  ; ;//,/.  .438 

I lydroxybenzyl  alcohol,  ;//,  0,  /> 404 

y-Hydroxybutyric  acid 519 

0-Hydroxybutyric  acid 195 

Hydroxycarboxylic  acids. . . 139,  223.  433 

Hydroxycyanides 139 

Hydroxydicarboxylic  acids 239 

Hydroxyethyl  cyanide 139 

Hydroxyethylsulphonic  acid 502 

Hydroxyethyltrimethylammonium 

hydroxide 500 

Hydroxyhydroquinone 401 

Hydroxyisopropyl  cyanide 139 

Hydroxylainine 180,  18 1 

H ydroxymalonic  acid 239 

II  ydroxymethyltetrahydroquinoline ..  499 

a-Hydroxypropionic  acid 225 

*1-1  Iydroxypropionic  acid 225,  227 

Hydroxysuccinic  acid 239 

H ydroxysulphonic  acids 137 

Hydroxytoluene,  ///,  0,  p 396,  403 


PAGE 

Hydroxy  tricarboxylic  acids 245 


y-Hydroxy  valeric  acid 196 

Hyoscine,  Hyoscyamine 490 

Hypnone 4i2 

Indican 528 

Indigo,  527;  carmine,  528;  dyeing 

with,  507;  synthesis  of 408,  433 

Indigo  white 507,  528 

Indigodisulphonic  acid 528 

Indigotin 528 

Inulin 265 

Inverse  substitution 59 

Inversion 262 

Invert  sugar 262 

Invertase 262 

Iodacetic  acids ....164 

Iodethane 177 

Iodine,  detection  of 22 

Iodine,  estimation  of. 33 

Iodine  green 516 

Iodobenzene 348 

Iodoform 175 

Iodoform  reaction 96 

Iodonitrobenzene,  w,  o,  / 354 

Isethionic  acid 502 

Iso-alcohols 103 

Isoamyl  alcohol 106,  106 

Isoamyl  isovalerate 189 

0-IsoamyIene 79 

Isobutaldehyde 134 

Isobutane 63,  66 

Isobutyl  alcohol 105,  106 

Isobutyl  carbinol 105 

Isobutylene 79 

Isobutyric  acid 167,  164 

Isobutyrone 134 

Isocyanides 285 

Iso-hydrocarbons 66 

Isomerism 65 

Isonicotinic  acid 479 

Isonitriles 285 

Isopentane 65 

Isophthalic  acid 426 

Isopropyl  alcohol 104,  106,  128 

Isopropyl  bromide 80 

Isopropyl  carbinol 105 

Isopropyl  iodide 178 

Isopropylacetic  acid 157 

Isopropylbenzene 338 

Isopropylbenzoic  acid 338 


Isoquinoline,  482,  483 ; acid  sulphate. 483 
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Isosuccinic  acid 229,  238 

Isothiocyanates,  alkyl 289 

Isovaleraldehyde 134 

Isovaleric  acid 155,  157,  164 

Kairine,  499;  hydrochloride 499 

Kerosene 71 

Ketones 127 

Ketones,  aromatic 41 1 

Ketones,  condensation  of. 141 

Ketones,  oxidation  of 140 

Ketoximes 132 

Komer’s  method  of  determining  con- 
stitution   320 

Lactic  acid 195,  225,  533 

Lactic  acid,  salts  of. 226 

Lactones 519 

Lactose 156,  269 

Lakes 467,  506 

Lard 166 

Laubenheimer’s  reaction 470 

Laudanum 496 

Laurie  acid 164 

Laurone 134 

Lead  ethyl 218 

Le  Bel  and  van't  Hoff’s  theory 530 

Lecithin .. 500 

Leucaniline 511 

Leuco-base 508 

Leuco-com  pounds 507 

Leuco-malachite  green 509 

Leuco-pararosaniline 51 1,  512 

Leuco-rosaniline 51 1,  614 

Levorotatory  compounds 535 

Lcvoiartaric  acid 245,  539 

Levulinic  acid 196 

Levulose 265 

Levulosehydrazone 267 

Le  vuloseoxime 267 

Liebermann’s  reaction 204,  390 

Light  oil 296 

Light  petroleum 71 

Ligroin 7i 

Lutidincs ^78 

Magenta 513 


Malachite  green,  509;  chloride  of, 

509 ; hydrochloride  of  base  of,  508, 
509,  510 ; oxalate  of,  510 ; zinc 

double  salt  of 510 

Maleic  acid 241 
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Maleic  anhydride 241 

Malic  acid 239,  244,  533,  534 

Malonic  acid 229,  234 

Maltose 97,  269 

Mandelic  acid 440,  533 

Mannitol 258 

Margaric  acid 158 

Margarine 170 

Marsh-gas , 55 

Martius’  yellow 454,  527 

Meconic  acid 495 

Melissyl  alcohol 108 

Melting-point 20 

Mendius’  reaction 200 

Mercaptans 183 

Mercaptides 184 

Mercuric  ethiodide 217 

Mercuric  ethochloride 217 

Mercuric  ethohydroxide 217 

Mercuric  ethyl 217 

Mesityl  oxide 131 

Mesitylene,  131,  337;  constitution 

of j ; 3i9i  324 

Mesitylenic  acid 338 

Mesotartaric  acid 245,  539,  540 

Meta-compounds * 313 

Metachloral 126 

Metaldehyde 125 

Metamerism 114 

Mctanilic  acid 384 

Methaldehyde 1 1 7 

Methane • 55,  68 

Methane  series 55,  68 

Methene  dichloride.  172 

Methoxides 90 

Methoxyaniline,  / 499 

Methoxybenzaldehyde,  p 410 

Methoxybenzoic  acid,/ 439 

Methoxy benzoic  acids 397 

Methoxybenzyl  alcohol,  / 404 

Methoxycinchonine 492 

Methoxy-group 485 

Methoxyquinoline 499 

Methoxyquinoline-y-carboxylic  acid  492 

Mcthuxytetrahydroquinoline 499 

Methyl  acetate 1H9 

Methyl  alcohol 88,  106 

Methyl  bromide 174 

Methyl  butyrate 189 

Methyl  carbinol 92 

Methyl  chloride 90,  171,  207 

Methyl  ether 109 
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Methyl  ethyl  ether 113 

Methyl  hydrogen  sulphate 90 

Methyl  iodide 174 

Methyl  isophthalate 427 

Methyl  isopropyl  ether 114 

Methyl  methylsalicylate 436,  438 

Methyl  nitrate 180 

Methyl  nitrite 181 

Methyl  orange 525 

Methyl  oxalate ... .89,  233 

Methyl  potassiosalicylate 436 

Methyl  propionate 189 

Methyl  propyl  ether 114 

Methyl  salicylate 436,  438 

Methyl  sulphate 90 

Methyl  sulphite 184 

Methyl  terephthalate 427 

Methylacetanilide 365 

Methylacetylene 86 

Methylal 120 

Methylamine 199,  207 

Methylaniline 357,  366 

Methylated  spirit 100 

Methylates 90 

Methylbenzene 334 

a-Methylcinnamic  acid 431 

Methylcresols 397 

Methylene  blue 527 

Methylene  dichloride 172 

Methylenitan 267 

Methylethyl 61 

Methylethyl  carbinol 105,  106 

Methylethyl  ketone 135 

Methylethylacetic  acid 155,  157 

Methylethylamine 207 

Methylethylene 78 

Methylethylpropionic  acid 534 

Methylisopropyl  ketone 135 

Methylisopropylbenzene,  p 339 

Methylmorphine 497 

a-Methylnaphthalene 449 

/3-Methylnaphthalene 449 

Methylnonyl  ketone 132 

Methylphosphine 209 

Methylpiperidine 477 

Methylpropyl 62 

Methylpropyl  ketone 135 

Methylpyridines 478 

Methylquinoline 482 

Methylsalicylic  acid 436,  438 

Methylsuccinic  acid 239 

Methylsulphonic  acid 184 


PAGE 

Methyltheobromine 497 

Methyltriphenyhnethane 51 1 

Methylviolet 516 

Middle  oil 296 

Milk-sugar 269 

Mineral  naphtha 70 

Mirbane,  essence  of 353 

Mixed  amines . 207 

Mixed  anhydrides 161 

Mixed  ethers 114 

Mixed  ketones 134 

Molecular  formula.  . . 38 

Molecular  weight,  determination  of. . 38 
Molecular  weight,  determination  of, 

by  chemical  methods 38 

Molecular  weight,  determination  of, 

by  Raoul  t's  method 48 

Monacetin 250 

Monobromopyridine 473 

Monocarboxylic  acids 154 

Monochloracetone 131 

Monochloranthracene 462 

Monoformin 144,  254 

Monohydric  phenols 391 

Monohydroxynaphthalenes,  the 452 

Monoses 274 

Mordants 504 

Morphine,  496;  hydrochloride,  496  ; 

methiodide,  497:  tests  for 496 

Mucic  acid 270 

Mustard-oil 289 

Myristic  acid 164 

Myrosin 289 

Naphtha,  crude,  296;  solvent 297 

Naphthalene 297,  298,  328,  442 

Naphthalene,  amido-derivatives  of. . .451 

Naphthalene,  constitution  of 443 

Naphthalene,  derivatives  of. 449 

Naphthalene  derivatives,  isomerism 

of 447 

Naphthalene,  homologues  of. 449 

Naphthalene,  nitro-derivatives  of 451 

Naphthalene  picrate 443 

Naphthalene,  sulphonic  acids  of 454 

Naphthalene  tetrachloride 425,  450 

Naphthalene  yellow 454 

Naphthalenedisulphonic  acids  ....  .455 
Naphthalenesulphonic  acids.  ...449,  454 
Naphthalenc-a-sulphonic  acid  ..453,  455 
Napluhalenc-3-sulphonic  acid  . .454,  455 
Naphthaleneti  i'.nlphonic  acids 455 
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Naphthalic  acid 471 

a-Naphthaquinone 452,  455 

0-Naphthaquinone 456 

Naphthionic  acid 455,  525,  526 

a-NaphthoI,  447,  453  ; /3-Naphthol. . .454 

Naphthol  yellow 454,  527 

Naphthol  yellow,  potassium  salt 527 

a-Naphtholdisulphonic  acid 527 

/3-Naphtholdisulphonic  acid 525 

a-Naphtholmonosulphonic  acid 527 

Naphtholmonosulphonic  acids 455 

Naphthols 452 

a-Naphtholtrisulphonic  acid 454,  527 

a-Naphthylamine 452,  453 

/3-Naphthylamine 452 

Naphthylaminemonosulphonic  acids. 455 

Naphthylamines 449 

i:4*Naphthylaminesulphonic  acid. . . .455 

Narcotine 495 

Natural  gas 70 

Neurine,  501  ; chloride 501 

Nicotine,  489 ; dimetliiodide,  489 ; 

hydrochloride 489 

Nicotinic  acid 472,  479,  490 

Nightshade,  alkaloids  of 490 

Nitracetanilide,  oy  p 363 

Nitraniline,  m , 354  ; ;//,  o,  p 363 

Nitrates,  ethereal 179 

Nitrates  of  cellulose 274 

Nitriles 133,  284 

Nitrites,  ethereal 180 

ai-Nitroalizarin,  /3l-Nitroalizarin  . . . .467 

Nitrobenzaldchyde,  ///,  o,  p 408 

Nitrobenzene,  352  ; oxidising  action 

of 480,  514 

Nitrobenzoic  acid,  w,  ot  p 422 

Nitrocinnamic  acid,  o,  p 432 

Nitro-conipounds 325,  350 

Nitroethane 181 

Nitrogen,  detection  of 23 

Nitrogen,  estimation  of 29 

Nitroglycerin 252 

Nitrometer,  SchifFs 31 

Nitronaphthalene 444 

a-Nitronaphthalene 451 

/3-Nitronaphthalene 451 

/3-Nitro-a-naphthylaminc 451 

Nitroparaffins 18 1 

Nitrophenol,  nt,  oy  p 392 

Nitrophcnyldibromopropionic  acid, 

/ 432 

Nitrophenylpropiolic  acid,  o 432 


PAGE 

Nitrophthalic  acid 444 

Nitrosainines 203 

Nitrosodimethylaniline 366,  367,  527 

Nitrosomethylaniline 366 

Nitrosophenol,  p 367 

Nitrosopiperidine 477 

Nitrotoluene,  m,o,  p 355 

Nonane 68 

Normal  alcohols 103 

Normal  butylene 79 

Normal  hydrocarbons 66 

Nux  vomica,  alkaloids  of  494 

Octacetylmaltose 269 

Octacetylsaccharose 262 

Octane 68 

CEnanthol 127,  134 

CEnanthone 134 

Oil  of,  aniseed,  410,  439;  bitter 
almonds,  405  ; wintergreen  ...  .88,  437 

Oil  of  garlic 256 

Oil  of  mustard 256 

Oil  of  rue 132 

Oils 166 

Olefiant  gas 72 

Olefines 72 

Oleic  acid 168,  258 

Oleomargarine 170 

Open-chain  compounds 323 

Opium,  496  ; alkaloids  of 495 

Optical  isomerides 535 

Optically  active  substances 533 

Organic  acids,  ethereal  salts  of 185 

Organic  compounds,  classification  of. 322 

Organo-metallic  compounds 214 

Ortho-compounds 313 

Orthodiketones 470 

Orthoquinones 456 

Osazones 268,  377 

Osones 268 

Oxalic  acid 229 

Oxalic  acid,  salts  of 232 

Oxamide 233 

Oxanilide 363 

Oxanthrol ^64 

Oxidising  agents 91 

Ozokerite 71 

Palmitic  acid 158,  164 

Palmitone 134 

Papaverine 495 

Paracetaldehyde 141 
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Para-compounds , 313 

Paracyanogen 277 

Paraffins 55,  67 

Paraffin-wax 71 

Paraformaldehyde 119,  141 

Paralactic  acid 227 

Paraldehyde 124 

Paraldehydes 141 

Paraleucaniline 51 1,  512 

Paraquinones 456 

Pararosaniline,  511,  512;  base  of,  5x1; 
chloride,  511,  513  ; constitution  of.. 513 

Parchment  paper 273 

Pentamethylene  diamine 478 

Pentamethylpararosaniline  chloride. .516 

Pentane 65,  68 

Pentylene 79 

Pepper,  alkaloid  of 490 

Perchloracetone 131 

Peri-position 448,  471 

Perkin’s  reaction 431 

Peru  balsam 418 

Petroleum 70 

Petroleum  ether 71 

Phenanthraquinone 469,  470 

Phenanthraquinone,  bisulphite  com- 
pound of. 470 

Phenanthraquinone  dioxime 470 

Phenanthrene 298,  457,  468 

Phenanthrene,  constitution  of 470 

Phenetole 392 

Phenol 297,  391 

Phenolphthalein 519 

Phenols 385 


Phenolsulphonic  acid,  o , ///,/,  395 ; ^.384 
Phenyl,  benzoate,  420;  bromide,  347  ; 
chloride,  347  ; cyanide,  421  ; ethyl 
ether,  392  ; group,  327  ; iodide,  348  ; 


methyl  ether,  392  ; radicle. . . .333,  390 

Phenylacetaldehyde 405 

Phcnylacetic  acid 428,  429 

Phenylacetonitrile 422 

Phenylacetylene 432 

Phenylacrylic  acid 428,  430 

Phenylamine 361 

Phenyl-/3-broinopropionic  acid 431 

Phcnylbutylene,  446;  dibromidc 446 

Phenyl  butyric  acid 428 

Phenylcarbinol 403 

Phenylcarbylamine 173,  360,  362 

Phenylchloroforin 349 


Phcnyl-a/3-dibromopropionic  acid 431 
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Phenylene  radicle 333,  390 

Phenylenediamine,  ///,  354,  524;  /. ..414 

Phenylenediamine,  ;//,<?,/ 360,  364 

Phenylethane 337 

Phenylethyl  alcohol. 405 

Phenylethylene 432 

Phenylformic  acid 428 

Phenylglycollic  acid 440 

Phenylhydrazine  ; hydrochloride 376 

Phenylhydrazones 133,  268,  377 

Phenylhydroxylamine 356 

Phenylisocrotonic  acid ...431,  447 

Phenylisocyanide 173 

Pheny  lmaltosazone 269 

Phenylmethane 334 

Phenylmethyl,  carbinol,  412;  ketone. 41 1 

Phenylmethylacrylic  acid 431 

Phenylmethylpyrazolone 499 

Phenylpropiolic  acid 428,  432 

Pheny Ipropionic  acid 428,  430 

Phenyltrimethylammonium  iodide . . . 360 

Phloroglucinol 400,  401 

Phloroglucinol  triacetate 401 

Phloroglucinol  trioxime 401 

Phorone 13 1 

Phosphines 208 

Phosphomolybdic  acid 488 

Phosphorus,  detection  of. 24 

Phosphorus,  estimation  of. 35 

Phosphotungstic  acid 488 

Photogene 71 

PhthaleTns 518 

Phthalic  acid 425,  444 

Phthalic  acids,  tn,  o,  p 423,  424 

Phthalic  acids,  constitution  of 318 

Phthalic  anhydride 426,  467 

Phthalimide 426 

Phthalophenone 518 

Phthalyl  chloride 426 

Physical  isomerides 535 

Picolines  478 

Picolinic  acid 479 

Picric  acid 394,  488,  502 

Pinacoline 138 

Pinacones 138 

Piperic  acid 477*  49° 

Piperidine,  473,  476;  constitution  of. 477 

Piperine 47^>  490 

Pitch 296,  298 

Polymerisation 1 *9 

Polyoscs 274 

Ponceau  3R 525 
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Ponceaux 525 

Potassium,  cresate,  390;  diphenyl* 

amine,  368 ; phenate,  392  ; phthali- 

mide,  426  ; picrate 394 

Potassium  ferricyanide 284 

Potassium  ferrocyanide 283 

Potassium  myronate 289 

Primary  alcohols -103 

Primary  hydrocarbons 66 

Primula 515 

Proof-spirit 101 

Propaldehyde 104,  127,  134 

Propane 61,  68 

Propenyl  alcohol 248 

Propenyl  iodide 255 

Propenyl  trichloride 251 

Propenyl  trinitrate 252 

Propionamide 200 

Propione 134 

Propionic  acid 104,  155,  164 

Propionic  acid,  salts  of. 156 

Propionitrile 285 

Propionyl  chloride 160 

Propiophenone 412 

Propyl  alcohol 104,  106 

Propyl  bromide 177 

Propyl  carbinol 105 

Propyl  formate 189 

Propyl  hydride 61 

Propyl  iodide 178 

Propylamine 199,  207 

Propylene 78 

Propylene  alcohol 221,  248 

Propylene  chlorohydrin 222 

Propylene  dibromidc 79 

a/3-Propylene  glycol 221,  226 

ay-Propylene  glycol 227 

Propylene  oxide 223 

Propylethylacetic  acid 198 

Propylethylmalonic  acid 198 

Propylmalonic  acid 198 

a-Propylpiperidine,  d 489 

Protocatechuic  acid 439 

Prussian  blue 284 

Prussic  acid 278 

Pseudocumene 338 

Purification  of  compounds 12 

Purpurin 465,  468 


Pyridine,  297,  328,  471,  472  ; alkaloids 
derived  from,  488 ; constitution  of, 
473;  derivatives,  isomerism  of,  475  ; 
homologucs  of,  478 ; hydrochloride, 


PAGE 

473 ; methiodide,  473 ; platino- 


chloride,  473 ; sulphate,  473  ; tests 

for 473 

Pyridine-ew3-dicarboxylic  acid 479 

Pyridine-/3-carboxylic  acid 490 

Pyridine-/3y-dicarboxylic  acid 483 

Pyridinecarboxylic  acid,  a,  / 3,  y 479 

Pyridinecarboxylic  acids 478 

Pyridinemonocarboxylic  acids 479 

Pyrocatechin 398 

Pyrogallic  acid,  Pyrogallol 400 

Pyrogallolcarboxylic  acid 439 

Pyrogalloldimethyl  ether 400 

Pyroligneous  acid 147 

Pyrotartaric  acid 239 

Pyruvic  acid 195,  227 

Pyruvic  acid  hydrazone 195 

Qualitative  elementary  analysis 21 

Quantitative  elementary  analysis. ...  25 

Quaternary  ammonium  bases 205 

Quinic  acid 492 

Quinine;  dimethiodide  ; sulphate.. . .492 

Quinine,  tests  for 493 

Quininic  acid 492 

Quinol 399 


Quinoline,  328,  471,  480;  alkaloids 
derived  from,  492  ; bichromate,  481 ; 
y-carboxylic  acid,  493 ; constitu- 
tion of,  481 ; hydrochloride,  481 ; 
methiodide,  481  ; platinochloride, 


481  ; sulphate 481 

Quinolinic  acid,  479,  482  ; anhydride48o 

Quinone,  413;  constitution  of 414 

Quinone  chlorimides 416 

Quinone  dichlorodiimides 416 

Quinonedioxime 414 

Quinonemonoxime 414 

Quinones 413 


Racemic  acid 242,  245,  539,  541 

Racemic  modification 536 

Racemic  modifications,  resolution 

of. 541.  543 

Radicles 114 

Rational  formulae 53 

Reducing  agents 93 

Refined  petroleum 71 

Refined  spirit too 

Reimer’s  reaction..  409,  435 

Resorcin  yellow. . 525 

Resorcinol 398 
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Rcsorcylic  acids 434 

Rhodonates 288 

Rocellin 525 

Rochelle  salt 243 

Rosaniline,  511,  513;  base  of,  511; 

chloride,  51 1 ; constitution  of 51 1 

Rosolic  acid ' 518 

Ruberythric  acid 465 

Saccharic  acid 264,  270 

Saccharimeter 261 

Saccharin 423 

Saccharosates 262 

Saccharose 260 

Salicin 404 

Salicyl  alcohol 404 

Salicylaldehyde 409 

Salicylic  acid,  437  ; salts  of. 438 

Saligenin,  409,  404;  methyl  ether. ...404 
Sandmeyer’s  reaction 

347>  348,  372,  421,  423 

Saponification 169,  188 

Sarcolactic  acid 227,  533,  534 

Saturated  compounds 59 

Scarlet  R 525 

Schiffs,  or  the  rosaniline  reaction 122 

Schweinfurth’s  green 151 

Schweitzer’s  reagent 273 

Sealed  tubes 34 

Secondary  alcohols 103 

Secondary  aromatic  bases 483 

Secondary  butyl  carbinol 105 

Secondary  hydrocarbons 66 

Separation  of  compounds 12 

Side-chains 326 

Silicon,  organic  compounds  of 213 

Silicon  tetramethyl 213 

Silicon  tetrcthyl 214 

Silicononane 214 

Silicononyl  acetate 214 

Silicononyl  alcohol 214 

Silicononyl  chloride 214 

Silver  acetylene 83 

Silver  theobromine 498 

Skratip’s  reaction 480,  500 

Soaps 168 

Sodium  ammonium  racemate 540 

Sodium  dinitro-a-naphthol 527 

Sodium  glycerol 250 

Sodium  hydroxyethylsulphonate 138 

Sodium  hydroxyisopropylsulphonate.  1 38 
Sodium  phenate 39° 
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Sodium  phcnylcarbonate 434,  437 

Sodium  picrate 394 

Soft  soap 169 

Solar  oil 71 

Spirits,  manufacture  of 99 

Spirits  of  wine 92 

Stannic  ethyl 218 

Stannous  ethyl 218 

Starch 271 

Starch  cellulose 271 

Stearic  acid 158,  164 

Stearin ...169,  170 

Stearone 134,  136 

Stereo-chemical  isoinerides 535 

Stereo-isomerism 528 

Stibines 21 1 

Stilbene  ; dibromide 469 

Storax 403,  430 

Strontium  saccharosate 262 

Strychnine ; test  for,  494 ; hydro- 
chloride, 494;  methiodide 494 

Styrolene 432 

Substitution 58,  59 

Substitution,  rule  of 352 

Succinamide 237 

Succinic  acid 234 

Succinic  acid,  electrolysis  of 73,  77 

Succinic  acid,  salts  of 235 

Succinic  anhydride 236 

Succinimide 237 

Succiniinide,  metallic  derivatives  0^.238 

Succinyl  chloride 237 

Sugars 260 

Sugars,  hydrazones  of 267 

Sulphanilic  acid 383 

Sulphates,  ethereal  ....*. 181 

Sulphides 183 

Sulphobenzoic  acid,  ;//,  0,  p 422 

Sulphocj’anic  acid 287 

Sulphonamides 38* 

Sulphonation 380 

Sulphonic,  acids,  184,  325,  379; 

chlorides 38* 

Sulphovinic  acid 182 

Sulphur,  detection  of 24 

Sulphur,  estimation  of 35 

Sulphuric  ether 110 

Tallow 

Tannic  acid 44° 

Tannin 440.  488,  506 

Tartar  emetic 244 
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Tartaric  acid 241 

Tartaric  acid,  salts  of 243 

Tartaric  acids,  stereo-isomerism  of. . .539 

Taurine 501 

Tension  of  aqueous  vapour 32 

Terephthalic  acid 339,  427 

Tertiary  alcohols 104 

Tertiary  aromatic  bases 483 

Tertiary  butyl  alcohol 105,  106 

Tertiary  hydrocarbons 66 

Tetrabromethane 461 

Tetrabromofluoresceln 521 

Tetrachlorethane 83 

Tetrachlorohydroquinone 416 

Tetrachloromethane 174 

Tetrachloroquinone 416 

Tetrahydrobenzene 309,  326 

Tetrahydro-/3-naphthylamine 450 

Tetrahydrohydroxyquinoline , . .499 

Tetralkylammonium  bases 205 

Tetramethyldiamidotriphenyl  car- 

binol 508,  509,  510 

Tetramethyl-/-diamidotripheny  1- 

methane 509 

Tetramethylmethane 65,  67  1 

Tetrazodiphenyl  chloride 526 

Tetrazoditolyl  salts 526 

Tetrethylammonium  hydroxide 205 

Tetrethylammonium  iodide .204 

Tetrethylarsonium  hydroxide 21  x 

Tetrethylarsonium  iodide 211 

Tetrethylphosphonium  iodide .. .209,  210 

Tetriodofluorescei'n 521 

Thalline 499 

Thebatne 495 

Thei'ne 497 

Theobromine 498 

Thiocyanates,  alkyl 288 

Thiocyanic  acid 287 

Thiocyanic  acid,  salts  of 288 

Thiophen 300 

1 hiotolcne 334>  471 

Thymol 339,  397 

Tobacco,  alkaloid  of 489 

Tolidine 379,  526 

Toluene,  297,  334;  chlorination  of... 342 

Toluenesulphonic  acid,  o 422 

Toluenesulphonic  acids  ...  383 

Toluenesulphonimide,  0 422 

Toluic  acid,  429  ; m,  o , p , 337,  423 ; /,  339 

Toluidine  ///,  o,  p 557,  564 

Tolunitriles 
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Toluquinone 415 

Toluyl,  chloride,  348;  radicle 333 

Toluylenediamine,  p 415 

Triacetin 167,  250 

Triamidoazobenzene 524 

Triamidoazobenzene  hydrochloride  . .524 

Triamido-cofnpounds 360 

Triamidotolyldiphenyl  carbinol — 

5:1,  513,  514 

Triamidotolyldiphenyl  carbinol 

chloride 513 

Triamidoiolyldiphenylmethane. ....  .511 

Triamidotriphenyl  carbinol 511,  512 

Triamidotriphenyl  carbinol  chloride.  .512 
Triamidotriphcnylmethane— 

341,  511,  512,  513 


Triamidotriphcnylmethane  hydro- 
chloride  5x2 

Tribenzylamine 369 

T ri  bromaniline 363 

Tribromobenzene 324 

Tribromophenol 392 

Tribromopropane 249 

Tribromoresorcinol 399 

Tributyrin 170 

Tricarballylic  acid 247 

Trichloracetal 126 

Trichloracetic  acid 163 

Trichloraldehyde 125 

Trichloraniline 363 

Trichloromethane 172 

Tridiazotriphenylinethane  chloride  ..512 

Triethylamine 199,  204 

Triethylarsine 21 1 

Triethylarsine  dichloride 211 

Triethylarsine  oxide 21 1 

Triethylbenzene 524 

Triethylphosphine 209 

Triethylphosphine  hydriodide 210 

Triethylphosphine  oxide 209 

Triethylrosaniline  chloride 515 

Trihydric  phenols 399 

a^a’-Trihydroxyanthraquinone 468 

Trihydroxyanthraquinones 468 

Trihydroxybenzene,  asymmetrical  . ..401 
Trihydroxybenzene,  symmetrical. 400,  401 

Trihydroxypropane 248 

Trihydroxytolyldiphenyl  carbinol. . ..518 

Trihydroxy  triphenyl  carbinol 518 

Tri-iodomethane 175 

Trimesic  acid 358 

Trimethylacetic  acid 155 


560 


INDEX. 


PAGE 

Trimethylamine 199,  207 

Trimethylamine  hydrochloride 172 

Trimelhylbenzene,  adjacent,  338 ; 

asymmetrical,  338;  symmetrical . ..337 

Trimethyl  carbinol 105 

Trimethylene  bromide 477 

Trimethylene  cyanide 477 

Trimethylethylene 79 

Trimethylethylmethane.  .t 67 

Trimethylmethane 63 

Trimethylpyridines 478 

Trimethylrosaniline  chloride 515 

Trinitrobenzene,  symmetrical. . .354,  395 

Trinitromesitylene 338 

Trinitrophenol 394 

Trinitrotriphenylmethane 341,  513 

Triolein 168 

Tripalmitin 167 

Triphenyl  carbinol 341 

Triphenylamine 359,  368 

Triphenylcarbinol-0-carboxylic  acid.. 5 19 

Triphenylmethane 340,  519 

Triphenylmethane,  derivatives  of...  .508 
Triphenylmethane-0-carboxylic  acid. 519 

Triphenylrosaniline  chloride 517 

Tripropylamine 199 

Tristearin 167 

Tropa;olin  O *. 525 

Tropic  acid 491 

Tropine 49 1 

Turnbull’s  blue 284 

Unsaturated  acids,  electrolysis  of— 

82,  85,  87 

Unsaturated  compounds 77 

Unsaturated  hydrocarbons 72 

Uranin 521 

Urea 10,  179,  289 

Urea  nitrate 291 

Uric  acid. 291,  498 


Uric  acid,  salts  of. 
Uvitic  acid 


PAGE 
. .292 


338 


Valency  of  carbon 53 

Valeraldehyde 134 

Valeric  acid 164 

Valeric  acid,  active 157 

Valeric  acid,  normal 155,  164 

Vapour  density,  determination  of 42 

Vaseline 71 

Veratrol 398 

Verdigris * 151 

Victoria  green 510 

Vinegar 148 

Vinyl  bromide 78 

Vinyl  chloride 78,  83 

Vinyl  trimethyl  ammonium  hydroxide.  501 
Vulcan  oil 71 


Water  blue 518 

Wood  spirit 88 


Xylene,  297 ; bromination  of,  342  ; 

w,  o,p 335,  336 

Xylitol 258 

Xylose 258 

Xylyl  bromide,  423 ; diethyl 

ether,  426;  ethyl  ether,  mt  423; 

radicle 334 

Xylylene  radicle 334 


Yeast 


98 


Zeisel’s  method 486,  492 

Zinc  alkyl  compounds — 

69,  107,  136,  210,  215 

Zinc  ethiodide 215 

Zinc  ethyl 59>  215 

Zinc  methyl 56,  216 

Zinc-copper  couple 5 7 


THE  END. 
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